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On the Morphology of the Cranial Muscles in 
Some Vertebrates. 

By 

F. II. ^I.IK, 

Professor of Medicine, University of Bristol. 


With 100 Text-figures. 


Ix tlie following* paper I have described and compared 
the development of some of the cranial muscles in Scyl- 
1 i n m canicula, S q n a 1 u s a c a n t h i a s, A c i p e n s e r s t u r i o, 
Lepidosteus osseus, A mi a calva, Sal mo fario, Cera- 
todus Forsteri, Triton cristatn s, Ran a temporaria, 
Alytes o b s t e t r i c a n s, Bnfo lentiginosus, Pelobates 
fnscus, Chrysemys marginata, Lacerta agilis, chick, 
rabbit, and pig. 

The object has been to determine as far as possible the 
morphology of the muscles, and so to deduce a morphological 
classification of the motor nuclei of the cranial nerves, more 
especially in mammals and man. 

A subsidiary object has been to ascertain what evidence is 
afforded by these muscles in regard to the speculations of 
zoologists on the phylogenetic relations of the various verte¬ 
brate groups. 

The paper is a sequel to one previously published on some of 
the cranial muscles of Sauropsida. 

The adult anatomy of the muscles has been..described by 
Vetter, Furbringer, Pollard, McMurrich, Allis, -Jaquet, 
Driiner, Ecker and Gaupp, Mivart, Krause, and others referred 
to in the paper. In the majority of cases observation of the 
development of the muscles merely serves to support deduc¬ 
tions as to their homologies already made from consideration 
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of their adult forms, but in some cases it suggests corrections. 

In tli e case of Lepidosteus only the hypobranchial muscles 
have been described—by Fiirbinger, aud the names for other 
muscles have been as far as possible those used by Vetter and 
Allis in Ganoids and Teleostei. The cranial muscles of 
Polypterns have been described by Pollard, and the hypo- 
branchial muscles by Fiirbringer. They did not state the 
species examined. Those of Polypterns Senegal ns (speci¬ 
mens 7h to 9i cm. long) differ in a few particulars from 
the descriptions given by those authors. The cranial muscles 
of Sal mo fario have not hitherto been described, but the 
researches of Vetter in other Teleostei made identification 
and nomenclature possible. 

Van Wijhe described the early stages of the development of 
the cranial muscles of Scyllium ; and Miss Platt those of 
Necturus; observations otherwise have been limited to the 
development of individual muscles or muscle-groups. 

The nomenclature employed by previous writers has, in 
o-eueral, been followed. In cases where different names have 
been applied to homologous muscles in related animals a 
choice has been made, and this has necessitated some 
changes. 

The paper is divided into the following sections : (1) Idle 

segmentation of the head; (2) mandibular muscles; (3) 
hyoid muscles; (4) eye muscles of the rabbit; (5) branchial 
muscles; (0) (esophageal, laryngeal, and pharyngeal muscles ; 
(7) muscles derived from trunk myotonies passing to the 
upper ends of the branchial bars; (8) hypobranchial spinal 
muscles; (9) lingual muscles; (10) some phylogenetic 
speculations; (11) on Furbringer’s theory of the skull; (12) 
a suggested morphological classification of the motor centres 
of the mid- and hind-brain in man. 


Tub Segmentation of the Head. 

In the body region of Scyllium embryos it is found that 
there is an uusegmented part below enclosing the coelom, and 
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a segmented part above, the somite, which subsequently 
separates from the dorsal edge of the coelom and develops 
into myotome and sclerotome. 

In the head the conditions in the mandibular and hyoid 
segments are different from those in the branchial segments; 
in the latter the lateral plates of mesoderm are at first con¬ 
tinuous ventrally with the wall of the pericardium or cephalic 
coelom 1 (Text-fig. 2) ; in the mandibular and hyoid segments 


Text-fio. 1 * 


Text-fio. 2, 



Text-figs. 1 and 2.—Beryllium, embryo 7 mm., transverse sections. 
Text-fig. 1 is the more anterior. 

the lateral plates of mesoderm are continuous ventrally with 
the walls of the mandibular and hyoid sections of the cephalic- 
coelom. These differ from the branchial sections in that no 
communication from side to side takes place (Text-fig. 1). 
In the rabbit, however (Text-fig. 76), the cephalic coelom is 
continuous from side to side in the mandibular and hyoid 
segments, just as it is in the branchial segments. 

1 The latter name is perhaps preferable, as probably the heart origin¬ 
ally lay behind the branchial region. 

2 For reference letters on Text-figures see p. 314. 
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The lateral })late of the hyoid segment extends upwards 
and forwards lateral to the alimentary canal between the first 
and second gill-clefts ; its upper end in 6 A and 7 mm. embryos 
(— stages IT and I of Balfour) is continuous above with the 
“fourth myotome” of van Wijhe. 

Van Wijhe says that the “fourth myotome” in stage J is 
separated from the lateral plate and is very rudimentary, 
also that it atrophies towards the end of that period ; further, 
that “bis in dieselbe Hohe aber melir lateral verlangen sich 
in spateren Stadien die Wande der jetzigen Hyoidhohle. 
Mit dieser Verl an gening darf . das vierte Myotome nicht 
verwechselt Averden.” The Anlage of the rectus externus, 
regarded by van Wijhe as the third myotome, was stated to be 
continuous in stage I with the solid cell mass in the hyoid 
arch, and in stage J to be no longer so. 

In the embryos of 0^ and 7 mm. in length ( = stages H and I) 
examined, it was found that the Anlage of the rectus externus 
was continuous behind with the upper end of the epithelium- 
lined cavity in the hyoid arch, i. e. Avith the fourth myotome 
of van Wijhe. In embryos of 9 mm. (Text-fig. 3) and 10mm. 
it was found that the epithelial Avails of the hyoid cavity had 
come together, so that the cavity had disappeared, that the 
now solid cell column had extended upAvards, and that the 
Aulag'e of the rectus externus Avas continuous behind Avith 
this cell column some little distance from its upper end, at a 
site corresponding Avith the original upper end of the hyoid 
cavity. No trace of a separated “fourth myotome” Avas 
seen. It is therefore possible, on the analogy of what takes 
place in the trunk, to regard the Avhole of the “lateral plate” 
and “fourth myotome”—which do not become separate—as 
together forming the liA T oid mvotome. 

This theory is supported by the difficulty of finding any 
structure in the body region Avhich is homologous Avith the 
lateral plates of the head. Ziegler Avas of opinion that they 
Avere homologous with the “ Unvirbelkonnnnnikation ” (of 
lbibl), the “ Ursegmentsteil ” (of Felix). But it is scarcely 
possible that epithelial structures of the head, Avhich develop 
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into muscles, can be homologous with epithelial structures in 
the body, which are the “ Mutterboden fur den verschiedenen 
Harnkanalchen ” (Felix). Nor do the lateral plates of the 
head appear to be homologous with the “ Seitenplatten 99 (of 
Felix) in the body, for this term denotes the epithelium 
lining the coelom. 

The Anlage of the rectus externus may be regarded as a 


Text-fig. 3. 



Scyllium, embryo B mm., transverse section. The line attached 
to the mark # shows the point of junction of the Anlage of the 
external rectus with the hyoid myotome. 

very early anterior prolongation of the upper end of the 
hyoid myotome. 

Ziegler was of opinion that the eye-muscles gave no 
evidence of the primary segmentation of the head, but attri¬ 
buted the Anlage of the rectus externus to the mandibular 
segment. 

The Anlage of the obliquus superior was regarded by van 
Wijhe as the second myotome of the head. On the analogy 
of the rectus externus it may be looked upon as simply a 
forward projection of the upper end of the mandibular 
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myotome. Both these Anlagen are anterior projections from 
the upper ends of their respective myotonies, to add to the 
musculature of the eye, which is primarily formed from the 
pre-maudibular segment. 

As above stated, the lateral plate of the mandibular 
segment, which is serially homologous with that in the hyoid 
segment, may be regarded as the myotome of that segment. 

In the case of the five branchial segments, the epithelium- 
lined cavities—the lateral plates of van Wijhe—are con¬ 
tinuous below with the cephalic coelom. Above, they are 

Text-fig. 4. 



stated by van Wijhe to be continuous with myotonies—his 
sixth, seventh, eighth, and ninth. These myotonies were 
stated to separate from the lateral plates, and to undergo 
various changes, the fifth atrophying, the sixth becoming 
very rudimentary, and the seventh, eighth, and ninth forming 
“ Vom Schiidel zmn Schultergiirtel ziehcnde Muskeln nebst 
dem vordersten Theile des sterno-hyoideus.” In regard to 
this asserted continuity between the myotomes and lateral 
plates, it is noteworthy that Ziegler says it is “sclnvierig deu 
unten Ursprnng des Ursegments init deni obeli sichbaren 
Myotom in Verbindnng zu bringen, und dies ist bis jezt 
keinem einzigen Forsclier in der richtigen Weise gelungen.” 
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It might be expected that if the lateral plates are the 
splanchnic elements of myotonies above, their relation to the 
latter would be constant. But this is not so ; for instance, 
in the figure given by Ziegler of a 65 mm. Torpedo embryo, 
two lateral plates (those of the second and third branchial 
arches) lie beneath three myotonies—his fifth, sixth, and 
seventh (= sixth, seventh, and eighth of van Wijhe),and the 
lateral plate of the fourth branchial arch lies below his 
eighth. In Ceratodus, according to Greil, the lateral plates 
of the first three branchial segments are continuous above 
with one (the first) myotome, and those of the fourth and 
fifth branchial segments are continuous above with one 
myotome (the second). In liana escnlenta, with five to 
six somites (Corning, ; 99, Taf. ix, figs. 7 and 11), the lateral 
plates of the first and second branchial segments lie in front 
of the first myotome. To this may be added that in rabbit 
embryos 3 mm. long (Text-fig. 78) the first branchial lateral 
plate lies in front of the first trunk myotome, and the second 
and third branchial lateral plates (as vet not separated) lie 
beneath the first trunk myotome. 

Secondly, it might be expected that the lateral plate would 
in all animals be at first continuous with a m} T otome above, 
but in Xecturus embryos (Text-figs. 51-53) and rabbit 
embryos (Text-fig. 78) it is not possible to see any continuity. 

Both these points have been emphasised by Agar in a 
recent criticism of the theory of van AVijhe. Agar 5 s theory is 
that the fourth somite of van AVijhe represents the condensed 
somatic portion of the hinder palingenetic head somites, and 
he points out that some observers have described more than 
one somite in this situation, e. g. Brauss, two in Spin ax, and 
Miss Platt, three in Acanthias. The difficulty in accepting 
this theory is that, as above stated, this fourth somite is, in 
Scyllium, continuous with the lateral plate of the hyoid 
segment. 

Ziegler throws doubt on the existence of van W ijlie’s fifth 
myotome—the one which lies above the first branchial seg¬ 
ment—on the ground that in Torpedo its cavity is no more 
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Text-fig. 5. 




lext-figs. 5 and 6. — Scyllinm, embryo 10 mm., transverse sec¬ 
tions. Text-fig. r» is more anterior. In the sections the right 
side is slightly anterior to the left. 
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than a cleft, and that it quickly becomes rudimentary. He 
concludes that it is'only a small cavity in the mesenchyme 
and of no theoretic importance. It is difficult to share this 
opinion, for the corresponding structure in Scyllium is lined by 
epithelial cells and closely resembles the next following 
myotome (Text-figs. 1 and 2). 

Ziegler counts three myotomes in Torpedo (his fifth, sixth, 
and seventh) corresponding to three lateral plates, regards 
the vagus as a “zusammengesetzte Nervencomplex” corre¬ 
sponding to three segments, and is of opinion that it is in 
correspondence with this that the next following myotome 
(his eighth = van AYijhe’s ninth) is the foremost to have any 
nerve-roots, an anterior one only. The difficulties in accept¬ 
ing such a view are : first, as stated above, the want of antero¬ 
lateral correspondence between the myotomes and lateral 
plates; and secondly, in Scyllium, and probably also in Tor¬ 
pedo at a later stage, a fifth branchial lateral plate is formed, 
i . e. there would be an overlapping of the territories of the 
vagus and spinal roots. 

Greil’s views as to the nature of the mesoderm of the head 
of Ceratodus are very different from the foregoing, lie holds 
that the musculature of the branchial region is derived from 
downgrowths of the first two myotomes, that in the first 
th ree branchial arches being derived from the first myotome, 
that in the fourth and fifth arches from the second myotome. 
The cells forming these downgrowths can be distinguished 
from the immediately subjacent lateral plates by the shape of 
their nuclei and by the later absorption of their yolk-granules. 
The downgrowths increase in vertical depth from behind 
forwards. The lateral plates of the branchial arches degene¬ 
rate into connective tissue. The dorsal portions of the first 
three arches, i. e., those which are formed from the first 
myotome, develop dorsally into the levatores arcum branchi¬ 
al urn and ventrally into the second and third interbranchi- 
ales and the ceratohyoideus; that of the fourth arch into the 
fourth levator and fourth iuterbranchialis; that of the fifth 
arch anteriorly into the dorso-laryngeus and the fifth inter- 
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branchialis, and posteriorly into the fifth levator and levator 
scapula?. The musculature of the hyoid and mandibular 
arches cannot be regarded as derivations either of a somite 
or of a lateral plate; it never takes on lateral-plate 
characteristics. 

A difficulty in accepting this theory is that it does not seem 
to be of general applicability in Vertebrates. Thus, as stated 
above, in the rabbit the lateral plate of the first branchial 
arch is in front of the first trunk myotome, and those of the 
second and third arches lie below the first trunk myotome; 
and there is a gap between the dorsal edges of the lateral 
plates of the second and third arches and the ventral edge of 
the first myotome. A difference in the shape of the cell- 
nuclei and in the rate of absorption of yolk-granules does not 
appear to be of sufficient importance to justify a separation 
into upper and lower portions of a structure which in other 
animals has been called lateral plate. As far as I have been 
able to observe, the ventral end of the lateral plate, taken in 
its usual sense, does not degenerate into connective tissue, 
but becomes converted into muscles. 

These difficulties lead to the following theory of the seg¬ 
mentation of the head. It is probable that it originally con¬ 
sisted of five segments only—the premandibular, mandibular, 
hyoid, first branchial, second branchial—each having a myo¬ 
tome, which, in the case of the four latter, contains a slit-like, 
epithelium-lined cavity continuous with the cephalic coelom 
below. To each myotome passed a nerve—the Illrd, Yth, 
\ 11th, IXth, and Xth. 1 The gill-clefts are intersegmental. 
New segments were added, one by one, behind the second 
branchial, the head extended back into the body-region, and 

1 According to Xeal ('98) only one eneephalomere corresponds to the 
vagus—a fact which, if the encephalomeres have segmental, or rather 
inter-segmental, worth, agrees with tlie theory that the vagus is not a 
** zusammengesetzte Nervencomplex," but primarily, as regards its 
motor branches, of one segment only—the second branchial—and that 
additional branches were developed as the number of gill-clefts and 
branchial segments was added to. 


MORPHOLOGY OF CRANIAL MUSCLES IN SOME VERTEBRATES. 177 


the added myotonies necessarily lie beneath the anterior body 
myotonies, with their upper ends at varying distances from the 
ventral surface of the latter, with which they may or may 
not agree in antero-posterior extent. In Ran a esculent a, 
with five to six somites, the most anterior trunk myotome 
lies above the third branchial, i. e. the first added myotome ; 
a little later there is a relative shifting forward of the trunk 
myotonies, so that the first trunk myotome comes to lie above 
the first branchial myotome (see Coming’s figures, Taf. ix, 
figs. 7, 11, and 20). In Scyllium this overlapping is, second¬ 
arily, antedated in development, so that the first branchial 
myotome never lies in front of the first trunk myotome. In 
the rabbit it does so. 

The backward growth of the head into the body by this 
process of metameric increase leads to the non-development 
of the coelomic portion of the anterior trunk-somites. In 
Scyllium, for instance, the first four trunk-somites have no 
coelomic portions. 

In the head, as in the bod}’, each myotome is at first an 
epithelium-lined cavity, which is continuous below with the 
coelom. The differences between the myotonies of the body 
and those of the head are : (1) Whereas in the body the 
myotonies extend dorsally to the mid-dorsal line, and, subse¬ 
quently, ventrally outside the somatoplenre wall of the coelom 
to the mid-ventral line, neither of these secondary phenomena 
takes place in the head ; (2) whereas the coelom is large in 
the body and contains the alimentary canal and other viscera, 
it is small in the head and lies entirely ventral to the alimen¬ 
tary canal; (3) in correlation with this the myotonies of the 
body lie, at first, dorso-lateral to the alimentary canal, those 
of the head lie dorso-lateral and lateral to it; (4) the sclero¬ 
tome elements of the body-myotomes are formed by ventro¬ 
medial outgrowths, those of the head from scattered cells 
given off from the premandibular, mandibular, and hyoid 
myotonies. These differences are intimately associated with 
the development of gill-clefts and a cranium in the head, of 
viscera and a vertebral column in the body. 
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If, following Fiirbringer, it be supposed that primitively 
the myotonies lay exclusively lateral to the chorda dorsalis, it 
would follow that they have taken different paths of develop¬ 
ment in the head and body, resulting in the conditions above 
stated. 

According to the generally accepted theory, certain 
Selachii, e. g. Heptanohns, are the most primitive of gnatho- 
stoine Vertebrates, in that they have the greatest number of 
branchial segments; and the lessened number of branchial 
segments in Teleostomi, Amphibia, and Dipnoi is due to a 
disappearance of the hinder ones. If, however, it be supposed 
that the original number of branchial segments was two, i. e. 
first and second, and that these were added to by a process of 
metameric increase, the interesting question arises as to the 
least number present in these Vertebrate groups, for this may 
lie supposed to have been possessed by some primitive form. 
The Amphibia have four branchial segments, Dipnoi and most 
Teleostomi five (though Polypterus has only four), and most 
Elasmobranchs five, though they may have as many as seven. 
It may therefore be supposed that the original number 
present in Amphibia was added to in the other groups. This 
harmonises with the conclusion, stated later, that the condition 
of the muscles of the head in Amphibia is more primitive than 
in Dipnoi, Teleostomi, and Elasmobranchs. 

The lessened number present in Sauropsida and Mammalia 
may be supposed to have resulted from reduction of the hinder 
of these four branchial segments. In the later stages of 
Peptiles, previously investigated,only two branchial myotonies 
were seen, but the early stages of Chrysemys marginata 
show four. In Gallns only two are present, even in the early 
stages. In Lepns only the first three are developed. 

The cephalic coelom disappears in the mandibular and 
hyoid segments early in development, and its walls develop 
into the intermandibularis and interhyoideus, which are at 
first continuous with the mandibular and hyoid myotonies. 
The lower ends of the branchial myotonies separate from the 
wall of the branchial portion of the cephalic coelom, and they 
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develop into the branchial muscles. No muscles are directly 
formed from the walls of the branchial portion of the cephalic 
coelom, which subsequently retreats from the head. 


Mandibular Muscles. 

Scylli u mi—On the formation of the palato-quadrate, in 
16 mm. embryos, the mandibular myotome lies outside of and 
across the palatine process, and then separates into an upper 


Text-fig. 7. 



Scyllium, embryo 17 mm., transverse section. The right side of 
the section is slightly anterior to the left. 

levator maxi 1 he superioris and lower adductor mandibulae, 
the process beginningin 20 mm. embryos (Text-fig. 11). The 
separation of these two muscles by the palato-quadrate is com¬ 
plete, and this is also the case in Acanthias, where, accord¬ 
ing to Marion, the hinder portion of the levator maxillm superi¬ 
oris—forming a separate first dorsal constrictor—is inserted 
into the lower jaw. This must consequently be the result of 
secondary down growth. The upper edge of the adductor 
mandibulm gains, anteriorly, an additional origin from the 
suborbital cartilage in 30 mm. embryos (Text-fig. 17), and 
this anterior portion of the adductor separates, in 40 mm. 
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embryos, forming* the levator labii snperioris (or add. /3) of 
Yetter. In 45 mm. embryos the add. y of Vetter is begin¬ 
ning to be delaminated from the outer face of the adductor, 
and the hindmost fibres of the adductor have grown down 
into the intermandibnlaris, forming a band similar to that 
described in Acanthias by Vetter. 

The intermandibnlaris (Cs 2 of Vetter, C 2 mv of Huge) is 
formed from the ventral part of the mandibular cavity, 


Text-fig. 8. 



which, as mentioned above, does not meet its fellow in the 
mid-ventral line, but passes backwards ventro-median to the 
ventral end of the hyoid cavity to open into the front end of 
the cephalic coelom. It results from this that there is no 
developmental singe in which the intermaudibulnris lies 
altogether in front of the interhyoideus. It gradually extends 
backwards, underlying the interhyoideus, so that in 2o mm. 
embryos its hinder edge lies posterior to the ventral ends of 
the eeratohynls (Text-hg. 12). 

The nictating muscles of Scyllimn (Ridewood) consist of a 
levator palpebrm nictitantis, retractor palpebrm snperioris, 
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and constrictor spiracnli—all innervated by the Vth. Hide- 
wood supposed that the first-named was differentiated from the 
same tract as the levator maxillae superioris and that the 
second belonged to the same category, whilst the constrictor 
spiraculi appeared to belong to a purely dermal system of 
muscles. 

According to Harman, the musculature of the eyelids of 
Mustelus arises “from two original sources—one a superficial 
dermal layer, the other a portion of a deeper dermal muscle 
layer,” the former originating from “ a mass which appears 

Text-fig. 9. 

/'lAOu.oY 



Scyllium. embryo '20 mm., longitudinal horizontal section through 
first branchial segment on left side. 

first in the region of the branchial bar which is the second 
after the spiracle,” the latter from a mass which separates 
into “a maxillary mass and a spiracular mass.” Harman 
also stated that “the progressive growth of the spiracle 
muscles in the service of the face can be traced to their full 
development in the facial muscles of man.” 

In Scyllium the Anlage of the nictating muscles can be seen 
in 30 mm. embryos (Text-figs, 16, 17) as a mass of cells being 
proliferated from the outer surface of the upper end of the 
levator maxillae superioris. Iu 40 mm. embryos the mass 
has become partially divided into a deeper and a more 
superficial layer—the former is the Anlage of the levator 
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Text-pig. 10. 




Text-figs. 10 ami J]Scyllium, embryo 20 mm. Text-fig. lo 
is the more dorsal. 
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palpebrae nietitantis, the latter that of the retractor palpebrae 
snperioris. In 45 imn. embryos, the latter sends down 
behind the spiracle an offshoot which develops into the con¬ 
strictor spiraculi. All these muscles in Scyllinm are thus 
developed from an Anlage budded off from the levator 
maxilhe snperioris. It may be added that the facial muscles 
of mammals are hyoid in origin, formed from the npgrowing 
interhvoideus (pp. 221 and 222), and consequently are not 
homologous with the eyelid muscles of Scyllinm. 

The myotome of the mandibular segment in Teleostoman 
embryos lies at first across and outside the palatine process of 
the quadrate (Text-fig. 23) and then divides into parts above 
and below this. The division takes place in Acipenser in 
7-h mm., in Lepidosteus in 84 mm., in Am La in 6^ mm., and 
in Salino in 5 mm. embryos. The part above the palatine 
process is the levator maxilhe snperioris, the part below the 
adductor mandibuhe. From the upper end of the levator 
maxilim snperioris of Lepidosteus, Ainia (Text-fig. 28), and 
Salmo, is given off the dilatator opercnli, which extends back¬ 
wards below the first gill-cleft into the opercular fold, and the 
remainder forms the levator arcus palatini, which is inserted 
into the palato-quadrate (Text-fig. 28). In Acipenser the 
levator maxilla) snperioris does not divide into levator arcus 
palatini and dilatator opercnli ; it grows backwards, without 
having had any temporary insertion into the palato-quadrate, 
and becomes inserted into the hyomaudibnla, forming* the 
protractor hyomandibnlaris (Text-figs. 18, 19, 20). 

The dilatator opercnli is partially inserted into the hyo- 
mandibula in Lepidosteus, and wholly in Polypterus, ? species, 
described by Pollard, 1 but in Po 1 y p t e r us s e n egalu s it passes 
backwards in the outer wall of the spiracle and is inserted 
into skin only (Text-figs. 35, 36). The adductor mandibular, at 
first passing from the palato-quadrate to Meckel’s cartilage, 

1 Protractor hyomandibnlaris of Pollard, but not homologous with 
the protractor hyomandibnlaris of Acipenser, as he describes a levator 
maxilhe snperioris (i. e. levator arcus palatini), and this is also present 
in Polypterus sene gains. 
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undergoes various changes in the specimens examined. In 
Acipenser embryos hp to the length of 11 mm. it remains 
undivided, but in the adult (Vetter) it has additionally spread 
up to the skull. InSalmo it additionally spreads backwards 
to the hyomandibula. In Lepidosteus, Amia (Text-figs. 28, 84), 
and probably (vide infra) Polypterus, the adductor mandi- 
buke divides into internal and external portions. In Lepi- 
dosteus (Text-figs.26, 27) the internal portion extends upwards 
outside the palato-quadrate to gain an additional origin from 
the cranial wall; whilst the external portion, keeping its 
original origin, arises from the external surface and upper 
end of the quadrate outside the insertion of the levator arcus 
palatini. In Amia 1 the internal portion (in 11 ram. embryos) 
sends forwards a projection from its upper end which forms 
the muscle connected with the olfactory chamber (LAP 5 of 
McMnrrich, LMS. t of Allis); in 14 mm. embryos the re¬ 
mainder of the internal portion extends upwards above the 
level of the palato-cjuadrate and divides into three parts 
(LAP;,, 3 , 4 of McMnrrich, LALS 2 , 1j3 of Allis). The external 
portion of the adductor additionally extends backwards to 
the hyomandibula in 9 mm. embryos, and divides into the 
parts described, as parts of the adductor, by Allis. 

In Polypterus, Pollard described the adductor as consisting 
of three parts, the pterygoid, temporal, and masseter 2 ; of 

1 The adult condition of the mandibular muscles of Amia lias been 
described by McMurrich and by Allis. AIcMurrich stated that they 
consist of a levator arcus palatini and an adductor mandibulse, and 
that the former is divided into five parts — from behind forwards 
LAPj, 2 , 3 . 4 , 5 ; of these LAPj is inserted into the metapterygoid with 
some of its hindmost fibres into the operculum, LAP 2 , 3 , 4 join the 
adductor, and LAP- is in connection with the olfactory chamber. 
Allis separated LAP! into a dilatator operculi and a levator arcus 
palatini, whilst LAP*. 3 , 4 . 5 he called the second, first, third and fourth 
divisionsof the levator maxillse superioris. He suggested that LAP 4 and 5 
(LMS 3 and 4 ) are derived from add. /3 of Selachians, and that (his) 
levator arcus palatini and dilatator operculi are the homologue of add. 
y of Selachians. From the embryological findings mentioned above it 
would appear that a new nomenclature for LAP 2 , 3 , 4 . - (= LMS 2 , 3 . 4 ) 
is needed—in terms of an internal adductor. 

2 Pollard thought that the pterygoid and temporal were the homologue 
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these the pterygoid and temporal are together the homologue 
of the internal adductor, and the masseter the homologue of 
the external adductor, of Lepidosteus and Amia. 

Text-fig. 14. 




Text-figs. II and 15.—Scyllinm, embryo 28 mm., longitudinal 
horizontal sections. Text-fig. 14 is the more dorsal, through 
second, third, and fourth branchial segments on left side. 


of Add. (3 of Selachians, but this is not possible. In Text-figs. 85 and I 
have denoted his “ masseter*’ by the term “external adductor,” and his 
pterygoid and temporal might be called parts of the internal adductor. 
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The intermandibnlaris of Teleostoman embryos forms, at 
first, with its fellow, a transverse muscle attached laterally to 
Meckel’s cartilage (Text-figs. 23, 24, 28). 

In Salmo it does not extend backwards, but does so in 
Acipenser, Lepidosteus, Amia and Polypterus, and partially 
underlies the fore part of the interhyoideus. In Salmo, 
Polypterus, 1 and Lepidosteus, it remains single, in Acipenser 
and Amia it divides into anterior and posterior parts. In 


Text-fig. 16. 



Acipenser the intermandibnlaris anterior (Cs 6 of Vetter) is 
attached laterally to MeckePs cartilage, and the intermandi- 
bularis posterior (Csj and Cs 2 of Vetter) spreads upwards, 
laterally, towards the skull. 2 In Amia both intermandi¬ 
bnlaris anterior 3 and posterior 4 are attached laterally to 

1 Intermaxillaris anterior of Pollard. 

2 All these parts are innervated By the Yth (Allis). 

3 Intermandibnlaris of Allis. 

4 Superficial or inferior portion of geniohyoid of Allis ; the muscle has. 
however, no genetic relation to the superior portion of the geniohyoid 
(called in this paper *■ hyomaxillaris ") which is developed in the hyoid 
segment. 
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Meckel’s cartilage (the process of separation into anterior and 
posterior portion beginning in 9|- mm. embryos and being 
completed in 14 mm. embryos). 

In Ceratodns the myotome of the mandibular segment 
spreads upwards lateral to the Gasserion ganglion (Text-fig. 
39), and separates from the lateral half of the intermandibnlaris 
between stages 40 and 42 (of Semon). It divides into outer 
and inner portions—pterygoid 1 and temporal 2 —the former of 
wliiclp in stage 48 (Text-fig. 46); arises from the trabecular 
wall; and the latter from the anterior and outer surface of the 
quadrate. The intermandibiilaris 3 joins its fellow in a median 
raphe and becomes attached laterally to Meckel’s cartilage ; 
its posterior edge extending backwards underlies the fore 
part of the interliyoideus (Text-figs. 41, 45). 

In Xecturus (Miss Platt) the mesothelium of the mandi¬ 
bular arcli (here interpreted as "myotome”) divides into an 
internal part; the temporal (here called;following* Driiner, the 
"pterygoid”); and an external part; the masseter. In Triton 
the myotome of the mandibular segment also divides into an 
internal and an external part; the upper end of the internal; 
pterygoid; part extends up to the side of the skull; the 
external part; at first arising from the suspensorium only, 
divides into an outer portion; the masseter; which keeps this 
origin, and an inner portion; the temporal; which extends up 
to the auditory capsule. 

The intermandibiilaris of Necturus 4 remains single, its 
posterior edge underlies the anterior interliyoideus (Text-fig. 
55); in Triton the intermandibiilaris (in larvm between the 
lengths of 8-R and 10 mm.) divides into anterior and posterior 
parts, 5 the latter of which partially underlies the inter- 
hyoideus. 

1 Pterygoid of Jaquet. 

2 Adductor inandihulai sen digastricus of Jaquet. 

3 Coiuv of Ruge ; liiylohyoideus pars anterior of Jaquet. 

4 Mylohyoideus anterior of Mivart and Miss Platt. 

5 Interniaxillaris anterior and posterior of Wiedersheim; inter- 
mandibularis anterior and posterior of Driiner. 
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The myotome of the mandibular segment of Rana separates 
from the lateral half of tlie intermandibularis in 5 mm. 
embryos; it extends backwards in 7 mm. embryos, dividing 
into internal and external portions (Text-fig. 58). The myo¬ 
tome thus comes to lie in a nearly horizontal position internal 
to the muscles developed in the hyoid segment. The internal 
portion develops into the pterygoid muscle, the external into 
the temporal, sub-temporal, extra-temporal, and masseter 


Text-fig. 17. 



Seyllium, embryo 30 mm., longitudinal vertical section. 


(Text-figs. 59, 60). The masseter and extra-temporal arise 
from the internal surface of the processus muscularis of the 
palatoquadrate bar. The anterior end of the pterygoid shifts 
outwards beneath the anterior ends of the other muscles and is 
inserted into the outer end of Meckel's cartilage. The tem¬ 
poral is inserted into the inner end of Meckel’s cartilage; the 
masseter is inserted into Meckel's cartilage a little distauce 
from its outer end ; the subtemporal is inserted, by two 
tendons, into Meckel’s cartilage and the superior labial car¬ 
tilage ; the extra-temporal divides into two portions, one of 










Text-fig. 18. 
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which joins the temporal (Text-tig. 60) and the other the sub- 
tem pond. 

The muscles of Al} T tes, Bufo le 11 tiginosus, and Pelo- 
bates 1 are similar to those of Kami (Text-fig. 63), except that 
the extra-temporal is inserted only into the superior labial 
cartilage. 

The Anlage of the levator btilbi is given off from the upper 
surface of the hinder part of the temporal in 9 mm. larvm ; 
its outer end becomes inserted into the skin and upper edge 
of the palato-quadrate bar; it remains relatively undeveloped 
until late in metamorphosis. On the development of the lower 
eyelid a slip is separated from the levator bnlbi, forming the 
depressor palpebne inferioris. 

At metamorphosis, on the atrophy of the superior labial 
cartilage the sub-temporal and extra-temporal fuse with the 
temporal, and the muscles become more vertical in position 
on tlie rotation of the palato-qnadrate bar. 

The Anlage of the intermandibularis of Rana divides in 
7 mm. embryos into three parts—the submentalis, the man- 
dibulo-labialis, and the submaxillaris. The submentalis 
develops later than the other two muscles; in 12 mm. embryos 
it forms a mass of small round cells lying beneath and 
extending backwards from the inferior labial cartilages, and 
at the beginning of metamorphosis forms a layer of trans¬ 
versely directed muscle-fibres connecting together the infe¬ 
rior surfaces of the inferior labial cartilages (Text-fig. 60). 
The mandibulo-labialis, arising from the inner aspect of the 
transversely directed Meckeks cartilage, passes down external 
to the genio-hyoid and is partially inserted into skin, partially 
interlaces with the muscle of the opposite side (Text-fig. 60). 

The submaxillaris arises from the under surface of Afeekeks 
cartilage. Tim conditions in larvmofBnfo lentiginosus 

1 This account differs from that of Scliultze. in that the subtemporal 
is stated to be inserted into Meckel s cartilage as well as into the 
superior labial cartilage, and in the description of an extra-temporal. 
The results were obtained from serial sections of larva*, 10, 13, 22. and 
30 mm. long. 
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Text-fig. 20. 




21 . 

Text-figs. 2o and 21. — -Acipenser, embryo Sh mm. Text-fig. 20 
is the more anterior. The right side of the sections is slightly 
anterior to the left. 
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are similar to those of liana; in Alytes the snbmaxillaris arises, 
like the mandibulo-labialis, from the inner aspect of MeckeFs 
cartilage, so that the two muscles are much more continuous 
than is the case in liana, Bufo, and Pelobates. The con¬ 
dition in 10 mm. larvm of Pelobates is similar to that of 
12 mm. larvee of Rana; in 13 mm. larvae the mandibulo- 
labialis has spread additionally into the upper lip, the condition 
described by Schultze. lie states that the submentalis is 
attached to the inner aspect of MeckeFs cartilage, but up to 
the stageof 30 mm. it is attached, as in liana, Bufo, and Alytes, 
to the inferior labial cartilages, as a very minute transverse 
muscle. 

At metamorphosis in Rana, the attachment to the skin of 
the mandibulo-labialis is lost, and the muscle forms one sheet 
with the snbmaxillaris. 1 2 

Observations on the development of the mandibular 
muscles have been made by Renter in pig-embryos, and 
in regard to the tensor tyinpani by Futamnra in human 
embryos. Reuter stated that the mandibular muscles are 
first visible in pig embryos measuring* 16 mm. in “ Xacken- 
Steisslange”~ in the form of an inverted Y, the two limbs of 
which lie on either side of the lower jaw. The temporal 
develops from the upper limb, the masseter from the lower 
external limb, and the two pterygoids from the lower internal 
limb. Xo mention is made of the tensor tympaui or the 
palatine muscles. According to Futamnra the tensor tyinpani 
and tensor veli palatini form a ‘ f ganz einheitlichen Muskel” 
in human embryos of seven weeks. This Anlage and the 
levator veli palatini are developed about the branches of the 
palatine nerves from a “ Mnskelblastemgewebe” which 
“ deutliclien Zusammenhang mit dem tiefen Teil der Platys- 
maanlage erkennen lasst. ;; “ Die Xervenaste fur diese 

1 Snbmaxillaris of Ecker and Gaup. 

2 This stage is an advanced one, as the figures show that the ossification 
of the lower jaw has begun. The Anlage of the mandibular muscles 
was quite evident in a pig embryo of 8 mm. crown-rump measurement, 
from which Text-fig. 98 was taken. 
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Mu skein lassen sicli leiclit vom Facialis liervorfolgeu ” 1 
lie also states that in pig embryos the levator veli palatini 
and M. uvulas develop as in man from “ Gewebe des 
riatysma colli das von der vorderen Seite des Oberkiefer- 
fortsatzes nacli seiner medialen Seite zielitA 

hi 2 mm. embryos of the rabbit the cells which will form 
the myotome of the mandibular segment cannot be differen¬ 
tiated from the other cells occupying the segment. In 
3 mm. embryos (Text-fig. 7b) the myotome is visible, and the 
walls of the mandibular section of the cephalic coelom are 
beginning to come together, forming the intermandibnlaris. 
The myotome separates from the lateral edge of the inter¬ 
mandibnlaris in 7 mm. embryos. In 13 mm. embryos it has 
partially separated into external and internal portions, which 
form the two limbs of a A-shaped mass, the apex of which 
lies just below the Gasserian ganglion (Text-figs. 94, 9oj; the 
external portion is the Anlage of the temporal masseter and 
external pterygoid muscles; it extends up to the skull in 
lb mm. embryos, the external pterygoid is cut off from the 
internal surface of the lower end of the temporal. r ihe 
internal portion separates into internal pterygoid and tensor 
tympani. The intermandibularis forms the mylohyoid of the 
adult; it is covered over, in 10 mm. embryos, by the forward 
growing interhyoideus. 

The Homologies of the Mandibular Muscles.—Com¬ 
parison of the variousways in which the myotome of the mandi¬ 
bular segment develops shows that they may be reduced to two 
types: (1) That in which the myotome does not divide into 
upper and lower portions — Ceratodus, Necturns, Triton, liana, 
Alytes, 13 u fo lentiginoses, Felobates, Lepus. (2) That in 
which the myotome divides into portions above and below 
the palato-cpmdrate, into levator maxilke superioris and 
adductor mandibnhe — Scyllium, Acipenser, Lepidostens, Amin, 
JSalmo, Sauropsida. 

Druner supposed that a portion homologous with the 

1 Beevor and Horsley showed, however, that no movement of the palate 
is produced in the monkey on intra-eranial stimulation of the VI 1th. 
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levator maxilla? superiors of Selachians disappears in 
Amphibia. 1 There' is, however, no trace of this in the on¬ 
togeny of Amphibia. According to Ganpp the pterygoid 
process of Amphibia presents features which lead to the 


Text-fig. 22. 



Acipenser, embryo 8^ mm. The left side of the section is 
slightly anterior to the right. 


suggestion that it is in process of “ Kuckbildung.” If this 
be so, and if the pterygoid process of Amphibia be homo¬ 
logous with that of Selachians—a matter which Ganpp says 

1 The levator maxillae superioris “ist wolil mit der Verwandhmg der 
Streptostylie in die Monimostylie der Urodela verloren gegangen." 
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is not certain — it might be supposed that a muscle strip 
which formerly divided into upper and lower portions now 
some atavistic process no longer does so. On the other hand, 
the fact that, in all the animals of the second class, the myo¬ 
tome, undivided, lies at first across and unattached to the 
palato-qnadrate, i.e. shows a condition which is the perma¬ 
nent one in Amphibia and Ceratodus, suggests that the con- 


Text-fio. 22a. 



dition in Amphibia, Ceratodus, and Mammalia is the primary 
one, and that the one present in Selachii, Teleostomi, and 
Sauropsida is a secondary one. ft would follow that the 
palatine or pterygoid process of the quadrate was not primarily 
a process for attachment of muscles nor an upper jaw. 

Fiirbringer divided Vertebrates into two classes with 
regard to the connection of the quadrate with the skull— 
those with movable quadrates (streptostylic), and those with 
immovable quadrates (monimostylic). The latter condition, 
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lie thought, was secondary to the first. “ Die Monimostylie 
allgemein von der Streptostylie ableitet.” 

The development of the mandibular muscles in the San- 
ropsida suggests that in them there are two streptostylic con¬ 
ditions—a primary streptostylic pterygo-quadrate in birds, 
and a secondary streptostylic quadrate in Lacerta vera, 


Text-fig. 23. 



Lepidosteus, embryo 8 mm., transverse section. 


Ehiptoglossa, and Ophidia, and that the monimostylie con¬ 
dition of Chelonia, Crocodilia, and Ehyncoceplialia was 
developed — and probably independently—from a primitive 
streptostylic pterygo-quadrate which has been preserved in 
Birds (loc. cit.). 

The development of the mandibular muscles in Amphibia 
and Ceratodns affords no evidence that the monimostylie con¬ 
dition there present has been derived from a streptostylic 
one, and a fixed quadrate would appear to be a necessary 
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correlative of an undivided mandibular myotome, to form a 
point d’apptii for the lower jaw. 

It would follow tint the streptostylic condition present in 
Selachians, Teleostomi, and Sauropsidan embryos is one 
which developed in correlation with a division of the myotome 
into upper and lower parts, inserted into and arising from 
the palatine process of the quadrate. 


Text-pig. 21. 



Lepidosteus, embryo 12 nun., transverse section. 


in Ceratodus, Amphibia, and Lepus, where the mandi¬ 
bular myotome does not become divided into upper and lower 
parts, it separates into internal and external portions. In the 
Amiran larva) the outer division divides into parts, some of 
which have a temporary insertion into the superior labial 
cartilage, and the whole myotome assumes a nearly hori¬ 
zontal position in correlation with that of the palato-quadrate 
bar; at metamorphosis both bar and muscles rotate into a 
more vertical position. In the rabbit the inner division sepa¬ 
rates into the internal pterygoid and the tensor tympani 
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muscles, the outer division into the temporal, masseter, and 
external pterygoid. 

Secondary changes take place in the levator maxilhe 
superioris and adductor mandibulm in all the animals inves¬ 
tigated; no one preserves them as such. In Scylliuni the 


Text-fig. 2 A 



Anlage of the nictating muscles is proliferated from the 
levator maxillae superioris, and add. (3 and add. y are sepa¬ 
rated from the adductor. In Teleostomi the levator maxilhe 
superioris either forms a protractor hyomandibularis or 
divides into a dilatator operaculi and levator arcus palatini ; 
and the adductor may either remain single as in Salmo, or 
divide into external and internal portions, of which either the 
internal (Lepidosteus), or both (Amia, Polypterns), or ? the 
VOL. 56, PART 2.-NEW SERIES. 15 




Text-fto -<>. 
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external (Aeipenser), grows up to the skull. In Sauropsidan 
embryos the depressor palpebra3 inferioris is given off from 
the anterior margin of the levator maxilla) superioris, which 
becomes inserted into the palato-cpiadrate—this is preserved 
in birds, whereas in reptiles various changes, modifications 


Text-fig. 28. 



or atrophy, occur; and the adductor inandibulm divides into 
external and internal portions, of which the former grows up 
to the skull, whilst the primitive origin of the latter was 
probably to the palato-quadrate and the hind end of the 
palato-pterygoid bar—this is preserved in Chelonia, but is 
variously modified in other groups (loc. cit.). 

A comparison of the various forms of the intermandibnlaris 
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shows that its primitive condition is that of a transverse 
sheet passing from one ramus of the lower jaw to the other. 
This exists only in Salmo. In Necterus, Triton, Ceratodns, 
Scyllium, Acanthias, Polypterus, Lepidosteus, and Amia 
it extends backwards, underlying the fore part of the inter- 

Text-fig. 20. 



hyoideus, and in Amia and Triton it divides into anterior 
and posterior portions. In Amiran larva) it divides into 
submentalis, mandibulo-labialis and submaxillaris, of which 
the first has a special relationship to the inferior labial 
cartilages. In Sauropsida it forms a continuous sheet with 
the interhyoideus and C 2 vd. In Lepus it is overlapped by 
the forward-growing interhyoideus. 
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The intermandibnlaris, in correlation with its development 
in the mandibular segment, is usually innervated by the Vtli 
cranial nerve. Vetter, however, found that in Scyllium and 
Prionodon the portion immediately behind the symphysis of 
the jaws was innervated by the Yth, and the greater portion 


Text-fig. 30. 



of the muscle by the Vllth, and that in Acanthias, Heptan- 
chus, and Scymnus the whole of the muscle was innervated 
by the VITth. He concluded that in the former the greater 
part, and in the latter the whole, of the intermandibularis 
(Csvj) had disappeared, and had been replaced by the inter- 
hyoideus (Csv 2 ), which had gained a secondary insertion into 
the lower jaw. But this opinion, which was founded on adult 
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anatomy only, is at variance with the phenomena of develop¬ 
ment ; both in Scyllinm and Aeanthias a well-marked inter- 
mandibularis is formed in the mandibular segment, and 
spreads back below the interhyoideus and fusing with it behind 
the hyoid bar. Its partial or total innervation by the YTIth 
must consequently be a secondary phenomenon. 


Text-fig. :>1. 



The intertnandibularis of Ceratodns is also innervated by 
the Y ITth (Huge), and its hinder part in Triton (Driiner). 

Huge held that wlmt is here called the intermandibnlaris is 
a facial muscle, and that its innervation from the Vth is 
secondary, but in Ceratodns, as in all the vertebrates examined, 
it is developed in the mandibular segment. lingers theory 
was based on the idea that “ Ids liegt aucli niclit der geringste 
















Text-fig. : i ± 




33 . 
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Grund vor uni an der Ursprunglichkeit der Einrichtungen bei 
den Notidaniden zu zweifeln/’ Study of the comparative 
embryology of the cranial muscles, however, leads to consider¬ 
able doubt on this matter. 


Hyoid Muscles. 

In Scyllinni the ventral end of the hyoid myotome becomes 
continuous with the lateral edge of the future interhyoideus 
in 14 mm. embryos. In 16 mm. embryos the formation of 
the hyoid bar begins by aggregation of the mesoblast cells, 
forming a pro-cartilaginous tract lateral to the alimentary 
canal, and the myotome is at first partly continuous with the 
interhyoideus, partly inserted into the upper end of the bar 
(Text-figs. 5 and 6), forming a levator hyoidei. In 17 mm. 
embryos the hyoid bar extends upwards towards the auditory 
capsule (Text-fig. 7), partly covered by the myotome, which is 
inserted into its lateral surface (Child of linge). it is only 
later, in embryos between the lengths of 23 and 30 mm., that 
the hyoid bar separates into ceratohyal and hyomandibnla, as 
in Acanthias (Gaupp). The continuity of the myotome and 
the interhyoideus becomes lost, and the lateral edge of the 
latter is inserted into the ceratohyal. In 23 mm. embryos 
(Text-figs. 12, 13, cf. Text-figs. 10 and 11) backward extension 
of the myotome and interhyoideus takes place, so that a con¬ 
tinuous dorso-ventral sheet (Cbvd of Huge) is formed behind 
the hyoid bar. Later on, in 40 mm, embryos, the myotome 
extends forwards, completely covering* the hyomandibular 
cartilage, and its anterior edge is inserted into the quadrate. 

In the Teleostomi the relations of the fore part of the 
hyoid myotome (retractor or adductor mandibuhe) to the 
hyomandibular cartilage are different from those existing in 
Selachii. The retractor of Acipenser is inserted into its 
hinder edge, and of Polyp terns into its inner surface, and the 
adductor of Lepidosteus, Amia, and Salino is inserted into 
its inner surface. Further, the Ylltli nerve (hyoid branch 
of \ I Ith in Polypterus) winds round the cartilage in 
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Acipeuser and Polypterus, pierces it in Lepidosteus, Amia, 
and Salmo. 

The development is not yet known in Polypterus. In the 
first stages, hitherto described, of Acipeuser rutlienus 
(Parker), Lepidosteus (Parker), and Salmo trutta (Stohr), 
the liyomandibula is stated to abut against the auditory 
capsule. Rutherford 1 states that in the brown trout a down- 
growth of no great size, from the periotic capsule at the edge 


Text-fig. 34. 



of the fenestra ovalis, joins with the symplecticnm in front of 
the Yllth nerve, and finally unites with the primitive hyo- 
mandibula. 

In 8 mm. embryos of Acipeuser the hyoid bar, in a pro- 
cartilaginous condition and unsegmented, does not extend up 
to the auditory capsule. The Yllth nerve passes over the 
upper end of the bar, and then downwards outside it (Text- 
fig. 19). In 81 mm. embryos the hyoid bar extends up towards 

1 The paper is as yet only published in abstract. 
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Text-F ia. :>.V 



Text-fig. :><». 
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the auditory capsule and in front of, and outside, the ^ Ilth 
nerve, which now winds round it (Text-figs. 20 and 21). The 
hyo-mandibular cartilage is funned in part from the upper 
portion of the bar present in 8 mm. embryos, and in part 
from the upward extension. The hyoid muscles in 8 mm. 
embryos consist of a hyoid myotome, the anterior part of 
which is inserted into the upper end of the hyoid bar (Text- 


Text-fig. o7. 



fig. 19), forming a levator hyoidei, and the posterior part of 
which forms a dorso-ventral sheet—homologous with C :2 vd of 
Selachians—continuous with the posterior part of the inter- 
hyoidens (Text-fig. 21), whilst the anterior part of the inter- 
liyoideus is inserted laterally into the hyoid bar. 

The secjuence of events in the other Teleostomi examined 
is similar to that occurring in Acipenser, the upgrowth of 
the hyoid bar to the auditory capsule taking place in 8 mm. 
embryos of Lepidostens, <3^ mm. embryos of Amia, and 5-J- mm. 
embryos of Sal mo fario. In no case was any downgrowth 
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from the periotic capsule found. In Lepidosteus, Amia, and 
Salmo, the Yllth nerve, at first winding round the hyoid 
bar, subsequently pierces the hyomandibula owing to chon- 
driiieation spreading round it; the more primitive condition 
is preserved in Acipenser and Polypterus. 

The adult condition of the hyoid muscles in these Teleostomi 
is not quite uniform. In all the dorso-ventral sheet C 3 vd 
divides into dorsal and ventral portions. In Polypterus the 
anterior and posterior portions of the myotome do not separate 
from each other, but form one muscle, the retractor hyomandi- 
bnlaris et opereularis. In the others separation takes place; 
the anterior part, i.e. the original levator liyoidei, forms a 
retractor hyomandibularis in Acipenser, and an adductor 
hyomandibnlaris in Lepidosteus, Aniia, and Salmo. The 
posterior part, i.e. the upper part of (Avd, forms a M. 
opereularis in Acipenser and Lepidosteus, an adductor and 
levator operculi in Amia and Salmo. In 91 mm. embryos of 
Salmo the adductor inandibularis additionally spreads forwards, 
forming the adductor arcus palatiui. 

The fore part of the interhyoideus of Acipenser forms the 
hyoidens inferior (Cs 5 of Vetter), the hinder part, i.e. the 
lower part of G\vd, forms a constrictor operculi (Cs 3 and Cs 4 
of Vetter). In Polypterus the condition is similar. 1 2 In Lepi¬ 
dosteus, Amia, and Salmo, the fore part forms the hyoidens 
inferior; the hinder part becomes attached laterally to the 
hyoid bar (only partially so in Lepidosteus), and forms the 
hyoidens superior. The median raphe of these? muscles is 
preserved in Acipenser, Lepidosteus, and Polypterus; in 
Salmo and Amia it is lost, and the hyoidens inferior becomes 
attached to the hypohyals of the same and opposite side. 

In 8^ mm. embryos of Amia the Aulage of the hyomaxillaris" 
muscle becomes separated from the upper edge of the hyo- 
hyoideus inferior (Text-fig. 29) ; it grows forward to Meckel’s 

1 hitermaxillaris posterior and mantle muscle of Pollard. 

2 Superior deeper portion of the genio-hyoid of Allis. A different 
terminology is used in this paper, as the word “geniodiyoid” is generally 
used to denote the anterior element of the hypobraneliial spinal muscles. 
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Text-fig. 38. 



Text-fig. 39. 



Text-figs. 3S and 39.—Ceratodus, embryo stage 40; transverse 
sections. Text-fig. 38 is the more anterior; the left side of 
the sections is slightly anterior to the right. 
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cartilage dorsal to the intermandibnlaris posterior. A similar 
muscle is formed in Salmo ; it grows forward ventral to the 
inter-mandibularis. In 9^ mm. embryos of Lepidosteus and 
9 mm. embryos of Acipenser (Text-fig. 22 a) a similar Anlage 
is formed from the dorsal edge of the hyoidens inferior or Cs 5 
and develops into the hyotnaxillaris ligament. 1 In Polypterus, 
? species, Pollard described, but did not name, a small muscle 


Text-fig. do. 



Text-fig. 10. — Ceratodus, stage 40, longitudinal horizontal section. 

“ at the angle of the jaw in the substance of the ligament 
which binds the hyomandibula cjuadrate and stylohyal,” 
innervated by the opercular branch of the hyoid branch of 
the Vllth. In Poly])terns senegalns only a ligament is 
present. 

In Ceratodus, between the stages of 38 and 40, the hyoid 
myotome and interhyoideus spread backward in the opercular 

1 ^iandilmlo-hyoid ligament of van Wijlie. 
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fold (Text-fig. 40), and form in the latter stage (Text-fig. 38) 
anteriorly a levator liyoidei inserted into the upper end of the 
hyoid bar, and an interhyoidens, and posteriorly a continuous 
ventro-dorsal sheet C»vd in the operculum. In stage 42 the 
Anlage of the hyomaxillaris ligament is cut off from the 
upper edge of the interhyoidens and spreads forwards to the 
hind end of Meckel’s cartilage (Text-fig. 41). In stage 42 
(Text-fig. 41) the hyoid bar extends upwards and inwards 
towards the under surface of the pro-cartilaginons tract con¬ 
necting the parachordal plate with the auditory capsule, 
forming the hyomandibula, the original hyoid bar forming 
the ceratohyal and hypohyal. 

The upper part of the originally pro-cartilaginous hyoman- 
dibnla chondrifies; the lower forms a fibrous tract connecting 
its outer end with the upper end of the ceratohyal (Text-fig. 
50). In stage 48 a downgrowth occurs from the outer edge 
of the auditory capsule, external to the hyomandibular branch 
of the Tilth (Text-fig. 47), and becomes separated, forming a 
cartilage abutting against the outer end of the hyomandibula 
(Text-fig. 50), and a second more dorsally situated piece is 
subsequently cutoff from the auditory capsule (Text-fig. 50). 1 
The insertion of the levator liyoidei into the upper end of the 
ceratohyal is preserved in the oldest embryo examined, but 
is not present in the adult (Huge) ; it is, however, retained in 
Protopterns (vide description by Huge). 

In Necturus Miss Platt stated that the “hyoid mesothelial 
tissue” (here interpreted as “ myotome”) divided into a 
dorsal digastricus, which “is ultimately connected with the 
posterior extremity of the mandibular bar by a long tendon ” 

1 This description of the hyomandibula coincides with and amplifies 
that of K. Fiirbringer. The cartilage (or cartilages) cut off from the 
auditory capsule is probably, from its relation to the hyomandibular 
branch of the VHtli, that described by Huxley, Ridewood. Rnge, and 
Sewertzoff as the “hyomandibula.” From the descriptions given it 
would appear probable that no part of a true hyomandibula is preserved 
in the adult, and that (vide Ridewood) the cartilages cut off from the 
auditory capsule are variable. 
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Text-fig. 41. 




42 , 

Text-figs. I I 14. — Ceratodns, embryo stage 12 ; transverse sec¬ 
tions. Text-fig. 41 is the most anterior ; the left side of the 
sections is slightly anterior to the right side. 
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and a ventral ceratohyoidens ex tern us. Examination of 
sections of 11 A mm. embryos shows that there is a stage in 
which the future digastricns (the ff cephalo-dorso-maudi- 
bnlaris ” of Driiner) forms a levator hyoidei, inserted into the 
upper end of the hyoid bar, whilst below the cerato-hyoidens 
exteruns the Anlage of the hyomaxillaris ligament is formed 
(Text-fig. 55). 


Text-fig. 4B. 



It is of interest to note that in Siren (Driiner) there is a 
levator hyoidei, a slip of the cephalo-dorso-mandibularis, 
i. e. in that animal the primary insertion of the muscle is not 
wholly lost. 

The interhyoidens 1 of Necturus spreads backward behind 
the hyoid bar in the opercular fold, and this posterior part, 
at first entirely ventral, spreads upwards laterally external to 
the cerato-hyoidens externns and depressor mandibulse. There 
is a similar development of the interhyoidens in Triton, and 

1 Posterior mylohyoid of Mivart and Miss Platt. 

VOL, 56, PART 2.- NEW SERIES. 16 
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tlie hinder part gains an attachment to the first branchial 
bar. 1 

Sclmltze described the hyoid muscles of the larvas of 
Pelobates fuse ns as consisting of an orbito-hyoideus, sus- 
pensorio-hyoideus, cerato- hyo-angnlaris, quadrato-angularis, 


Text-fig. 44. 



Text-tigs. 4t and 43. — Ceratodus, embryo stage 46: longitudinal 
horizontal sections. Text-fig. 44 is the more dorsal; the left 
side of the sections is slightly dorsal to the right side. 

and snspensorio-angularis. In liana the myotome of the 
hyoid segment separates from the interhyoideus in 6 mm. 
embryos. It divides in 7 mm. embryos into an upper and lower 
portion (Text-fig. 58); the former develops into the orbito- 
hyoidens, which passes from the processus mnsenlaris of the 


1 First interbranchial of Difuier. 
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palato-quadrate to the ceratohyal; the latter, which is the 
hyomaxillaris, grows forwards to the outer end of Meckel’s 
cartilage and divides into the cerato-liyo-angularis, snspen- 
sorio-angularis, and the quadrato-angularis (Text-fig. 59). In 
Bnfo lentiginosns the upper portion of the myotome forms 
only an orbito-hyoideus, as inRaua; in Pelobates and Alytes it 
forms an orbito-hyoideus and suspensorio-hyoideus. In Pelo- 


Text-fig. 45 . 



bates and Bufo lentiginosus the hyo-maxillaris divides 
into three muscles as in Rana, in Alytes into two only, the 
cerato-hyo-angularis and quadrato-angularis (Text-fig. G3). 

In Rana, at metamorphosis, the upper end of the orbito- 
hyoideus extends upwards on the atrophy of the processus 
muscularis of the palato-quadrate; subsequently, on rotation 
backward of the palato-quadrate, the lower end of the orbito- 

1 The coraco-mandibularis in this drawing is unfortunately not named. 
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Text-fig. 46. 



Text-fig. 47. 



Text-fi«'s. 40 - 48 —Cera todus, embryo stage 48. Text-fig. 40 is 
the most anterior. 
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hyoideus gains a new insertion to the hind end of the lower 
jaw. The cerato-hyo-angnlaris, suspensorio-angularis, and 
quadrato-angularis assume a more vertical position on the 
rotation of the palato-quadrate, and form the inner portion, 
whilst the original orbito-hyoidens forms the outer portion, 
of the depressor mandibular. 

The interhyoideus of the larvae of Ran a 1 forms a transverse 
hand connecting together the two ceratohyals (Text-fig. 57), 
and this is also the case in Alytes. In Pelobates and Bufo 


Text-fig. 48. 



lentiginosus it extends backwards below the branchial 
cavity, and this hinder part forms the sub-branchialis (of 
Schultze), and the diaphragmato-branchialis (of Schultze) is 
separated from the median edge of this muscle. 

The digastric muscle 2 of Mammals is either monogastric 
(digastricus spurius), inserted into the jaw, or digastric 
(digastricus verus), with a tendon between the two bellies 
which may or may not be connected with the hyoid bone. 

1 Subhyoideus of Ecker and Gaup, and of Schultze. 

s This hare outline only is given, as the matter has been so thoroughly 
discussed by Bijvoet. 














220 


F. H. EDGEWORTH. 


'Hie anterior belly of a digastricns verus is innervated by the 
Yth, the posterior belly by the \ ITtli. A digastricns 
spurins has a deeper or superficial tendinous inscription, 
and is also innervated by both Yth and Ylltli. 

Anatomists who have investigated the adult conditions of 
the muscle have expressed various views as to its origin; 
some, e.g. His and CJhaine, thought that the muscle was 
developed from one mass; others, e.g. Humphrey, Gegen- 
bauer, Riige, Fiirbringer, Bijvoet, have held that it was 
developed from two masses. 

Bijvoet, the latest investigator of the subject, was of opinion 
that the condition present in Monotremes—a AT. depressor 
mandibulm anterior, and a Al. stylohyoideus—is the “Aus- 
gangsform,” tliat from this was developed a digastricns 
verus, and that a digastricns spurins was a secondary con¬ 
dition. He was also of opinion that a AT. intermandibularis 
separated into a Al. mylohyoideus and a Al. depressor 
mandibulm anterior. The only descriptions of the develop¬ 
ment of the digastric muscle which have hitherto been given 
are those by Fntamura of human and pig embryos. He says 
that the common Anlage of the digastricns, stylohyoideus, 
and stapedius is visible in twenty-seven to thirty day human 
embryos as a C( medialwiirts sich anhiinfende diclit gedriingte 
Aluskelblastemgewebe," which is continuous laterally with the 
platysma Anlage, the whole forming a single mass. In embryos 
a little older the platysma and digastric Anlagen separate. In 
six weeks' embryos the digastric Anlage passes forward to the 
anterior border of the lower jaw. The mylohyoid nerve at this 
date passes to the mylohyoid muscle only; it does not innervate 
the anterior belly of the digastric until the age of seven weeks. 
The stylohyoid and stapedius begin to separate from the 
posterior belly of the digastric at the age of six weeks. The 
digastric is thus solely a facial muscle, theanterior part of which 
receives a secondary innervation from the trigeminal nerve. 

Bijvoet doubted this account given by Fntamura, as it 
appeared to him to disagree with the results of comparative 
anatomy. 
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Fntamura’s account of the development of the facial and 
platysma muscles is ‘that their Anlage separates, as stated 
above, from the outer aspect of the common facial Anlage; 
in thirty-one to thirty-four day embryos it spreads aborally 
almost to the shoulder region, forming the platysma colli, and 
in six-week embryos also forwards, in two directions sepa¬ 
rated by the outer ear, forming a platysma occipitalis and a. 
facial portion. The latter passes forwards over the edge of 
the lower jaw to the forehead, eyelid, upper lip, and temporal 
region, separating into a deep and a superficial layer. 

In 3 mm. embryos of the rabbit the hyoid myotome is con¬ 
tinuous below with the epithelium lining the hyoid section of 
the cephalic coelom (Text-fig. 77). In 4 mm. embryos the 
walls of the cephalic coelom have come together, and the 
Anlage of the interhyoidens is formed from its epithelial wall ; 
each half is continuous laterally with the lower end of the 
myotome (Text-fig. 81). In 7A mm. embryos the myotome is 
partially separated into an upper and a lower part : the former 
is the Anlage of the posterior digastric, stylohyoid, and stape¬ 
dius, the latter that of the anterior digastric (Text-fig. 89). In 
embryos between 8 and 9 mm. tlie hyoid bar is formed, 1 and 
in its whole extent simultaneously, so that there is no stage 
in which the Anlage of the posterior digastric, stylohyoid, and 
stapedius is inserted into the upper end of a hyoid bar which 
has not yet extended up to the auditory capsule. In 9 mm. 
embryos (Text-figs. 92 and 93) the lateral edge of the inter- 

1 The ’* body of the hyoid ” in the rabbit is formed from the ventral 
ends of the hyoid and first branchial bars. Xo basihyal nor basi- 
branchial is developed. In 0 and 13 mm. embryos a column of cell* — 
the remains of the glosso-thyroid duct — extends downwards from the 
foramen ca*cum in the middle line between the hyoid and first branchial 
bars. Antero-posterior fusion of the ventral ends of these bars to form 
the body of the hyoid, and the commencement of formation of a joint 
between the body and the first branchial cornua, take place in embryos 
between the stages of 13 and 17 mm. Chondrification takes place later 
in the "body” than in the hyoid and first branchial comua. These 
findings confirm the suggestions of Parsons; in the rabbit, however, 
there is no basihyal. 
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hyoideus has separated from and extended upwards outside the 
anterior digastric*, which has grown a little forwards. In 10 
mm. embryos the anterior end of the anterior digastric has 
reached Meckel’s cartilage, the interhyoideus has extended 
forwards, and also backwards in the neck forming the platysma 
colli, and the stapedius has separated from the Anlage of the 
posterior digastric and stylohyoid. In 13 mm. embryos the 
Anlage of the posterior digastric and stylohyoid has separated 
into those muscles, and the lateral edge of the fore part of the 
interhyoideus ('Text-fig. 96) has extended upwards and for- 

TEXT-FIG. 4!>. 



Text-fig. 49. — Cerntodus. embryo 15 inm. ; portion of transverse 
section taken between tlie fifth branchial segment and the lung. 

wards forming the platysma occipitalis and platysma iaciei. 
The posterior digastric forms a tendon (vide Krause). 

There is thus in the rabbit a stage of development prior to 
the first described in man by Futaimira, in which the Anlage 
of the platysma faciei, platysma occipitalis, and platysma 
colli is a structure homologous with the interhyoideus of lower 
forms. The anterior digastric is homologous with the hyo- 
maxillaris of some Amphibia and Toleostomi. 

Tli e Homo 1 ogi es of the Hyoid Muscles. — In Alytes, 
Bufo, liana, Pelobates, and Lepus, the lower end of the hyoid 
myotome becomes separated from the part above and forms 
a longitudinal muscle — the hyo-mnxillaris— connecting the 
hyoid bar with the lower jaw. An homologous muscle is 
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formed in Amia and Salmo, but differs in that it is separated 
from the upper end of the hyoideus inferior. The first men¬ 
tioned method of formation is probably the primitive one, 
for serially homologous muscles, interarcuales ventrales, are 
formed from the lower ends of branchial myotomes where 
there are no muscles homologous with the interhyoideus; 
the method of formation in these Teleostomi is probably 
related to the secondary position of the adductor hyomandi- 
bularis internal to the upper part of the hyoid bar. In 
Urodela (Necturus, Triton), Ceratodus, Lepidosteus, and 

Text- fig. 5u. 



Text-fig. 50.—Ceratoclns, advanced embryo, length ?; portion of 
transverse section, to show relations of the hyomandibnlar 
cartilage. 

Acipeuser a corresponding Anlage develops into a hyo- 
maxillaris ligament. In Selacliii (Seyllium, Acanthias) and 
in Sauropsida no liyo-maxillaris Anlage is formed. 

The developmental history of the hyo-maxillaris suggests 
that its primitive condition was that of a longitudinal muscle 
passing from the hyoid bar to the hind end of MeckeFs carti¬ 
lage, bnt this is not preserved in any of the animals investi¬ 
gated. In Teleostomi (Amia and Salmo) the front end of the 
muscle extends forwards along ALeckeFs cartilage. 

In Chimaera there is a similar muscle (hyoideus inferior of 
Vetter) extending from the hyoid bar along the lower jaw. 
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In Rana, at metamorphosis, the muscle becomes more 
vertical in position, and forms, with the orbito-hyoideus, the 
depressor mandibulm ; this stage is preceded by a larval one, 
in which the muscle, having* a longitudinal direction, is in part 
attached to the palato-quadrate bar. In Mammals the hyo- 
maxillaris (anterior digastric) may lose its attachment to the 
hyoid bar and form part of a digastricus verus with a tendon 
not attached to the hyoid bar, or part of a digastricus spnrius. 

The part of the hyoid myotome above the hyo-maxillaris 
in cases where this is formed, or above this and the cerato- 
hyoidens externus (in the Urodela), or the whole myotome, 
where either or both of these muscles is not formed, is at first 
wholly or partially (Scyllium) inserted into the upper end of 
a hyoid bar, which has, or has not yet, extended up to the 
auditory capsule, forming a levator hyoidei. This holds for 
Scyllium, Acipenser, Lepidosteus, Amia, Salmo, Ceratodus, 
Xecturns, Triton, Rana, and other Amiran larvce, Chrysemys, 
and Gallns. In the Amphibia the hyoid bar remains in this 
primitive condition, in the other groups it extends upwards 
to the auditory capsule. 

According to Kingsbury and Reed, the columella auris of 
Urodela is the homologue of the hyomandibula of other 
forms. If this be so, its dorsal relation to the seventh nerve 
would suggest that, it is homologous with the hyomandibula 
of Teleostei, where a similar relation holds, rather than with 
that of Selaehii, Ceratodus, and Sauropsida, which lies ventral 
to the \ 11th. 

Against such homology, however, it might be urged that in 
Scyllium, Acipenser, Lepidosteus, Amia, Salmo, Ceratodus, 
Chrysemys, and Gallns (Geoff ry Smith), the hyomandibula 
is formed by a secondary segmentation occurring in a hyoid 
bar, which extends continuously up to the auditory capsule, 
whereas this is not stated by Kingsbury and Reed to occur in 
Urodela. 

A levator hyoidei — attached to the upper end of a hyoid 
bar — is not preserved to adult life in any of the animals 
examined. In Urodela and Sauropsida it extends downwards 
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Text-f jo. 51. 



Text-fig. 52. 



Text-figs. 51 and 52.—■K'ecturas. embryo 12 mm. Text-fig. 51 
is the more anterior. 
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to JTeckeFs cartilage, forming tlie depressor mandibnlse. In 
Run a tins also occurs at metamorphosis, the muscle forming 
the outer part of the depressor mandibular In Scyllinm the 
levator hvoidei, on the upgrowth of the hyoid bar, is inserted 
into its outer surface, and in very late stages of development 
extends forwards to the quadrate. In Teleostomi, on the up¬ 
growth of the hyoid bar, the levator hyoidei becomes inserted 
into its posterior edge or inner surface, and in Salmo 
additionally spreads forward to the palato-quadrate. In 
Ceratodus the insertion of the levator hyoidei to the upper 
end of the ceratohyal is lost, but it is preserved in Protopterus 
(vide description by Ruge). In Lepns there is no stage in 
development in which there is a levator hyoidei inserted into 
the upper eud of a hyoid bar, for this is formed simultaneously 
in its whole length, but the portion of the myotome above the 
Anlage of the hyo-maxillaris (anterior digastric) is a mass, 
which is homologous with the levator hyoidei of other forms, 
and lies outside the hyoid bar ; it subsequently divides into 
stapedius, stylohyoideus and digastricus posterior. It is 
homologous with the M. styloidens of Monotremes. The 
upper end of the levator hyoidei is attached to the auditory 
capsule; this attachment, in Annra, is preceded by a, larval 
stage, in which the upper end of the muscle takes origin 
from the processus muscularis of the palato-quadrate bar. 

The primary form of the interhyoideus— formed from the 
walls of the obliterated hyoid section of the cephalic coelom, 
and serially homologous with the intermandibularis — would 
appear to have been a transverse band connecting the two 
hyoid bars, but in all forms examined, other than Rana and 
Alvtes, it extends backwards. In Urodela, Annra, and 
rabbit there is a backward extension of the interhyoideus 
only, but in Selachii, Teleostomi, Ceratodus, and Sanropsidn, 
of both myotome and interhyoideus, forming a continuous 
ventro-dorsal sheet (C 3 vd of Ruge) behind the hyoid bar. 
The backward extension of the interhyoideus. or of this and 
of the myotome, takes place in the opercular fold in Urodela, 
Aiiura, Ceratodus, and 'Teleostomi ; in part in the opercular 
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Text-fig. 53. 



Text-fig. 54. 



Text-figs. 53 and 54. — Xecturus, embryo 13 mm., transverse 
section. Text-fig. 53 through the fourth branchial segment, 
Text-fig. 54 a little more posterior. 
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fold (only existing ventrally) in Sanropsida and rabbit; and 
in Scyllinm entirely in the wall of the head, no opercular fold, 
even as an atrophying An 1 age, being developed. 

The backward extension of the interhyoidens forms the 
hinder part of the interhyoidens of Urodela, and the sub- 
branchialis of An lira. In the rabbit the attachment of the 
interhyoidens to the hyoid bar is lost, and it spreads down 
the neck, forming the platysma, and also upwards and 
forwards, forming the superficial occipital and facial muscles. 

C 3 vd persists as a continuous ventro-dorsal sheet in 
Scyllinm, Oeratodns, and Sanropsida; in the latter group, in 
correlation with the atrophy of the gill-clefts, it spreads 
backwards in the neck, forming the constrictor colli; in 
Teleostomi it separates into dorsal and ventral portions, the 
former developing into the opercular muscle or muscles, the 
latter into a constrictor opereuli (Acipenser and Polypterns), 
or liyohyoidens superior (Lepidostens, Amia, Salmo). 

The hinder part of the interhyoidens of Urodela and the 
platysma of the rabbit imitate, to some extent, the constrictor 
colli of Sanropsida, but this is due to a dorsal extension of 
their lateral edges over the hyoid myotome after their 
formation from the interhyoidens only. 

It will be shown, later, that the probable primitive con¬ 
dition of the muscles of each branchial arch was, aM. levator, 
a M. marginalis, a M. interarcnalis, and a M. transversns 
ventralis. The levator hyoidei is serially homologous with 
the first, and the hyo-maxillaris with the third of these. The 
ccrato-hyoideus extcrnus is serially homologous with the Mm. 
marginales and their homologues the Aidageu of the gill- 
muscles, and may possibly be derived from a hyoidean M. 
marginalis, but there is no trace of such a muscle in other 
groups. There are no homologues of the transversi ventrales 
in the mandibular and hyoid segments. 

The primitive condition of the mandibular and hyoid 
muscles was probably one in which the former lay wholly in 
front of the hitter. This condition exists in the embryo but 
does not persist; during development, in correlation with the 
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Text-fig. 55. 




Text-figs. 55 and 56.—Necturus, embryo 14> nun., transverse 
sections. Text-fig. 55 through the hyoid segment, Text-fig. 56 
through the fourth branchial segment. 
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increase in size of the jaws, there is a gradual overlapping of 
the hvoid bar by the mandibular skeletal structures, with 
associated secondary changes in the muscles. Thus, the 
levator hvoides shifts its insertion from the hyoid bar to the 
hind end of Meckel’s cartilage in Amphibia and Sauropsida, 
and the intermandibnlaris partially underlies the interhyoi- 
deus in Selachii, Teleostomi, Ceratodus, and Urodela. It is 
probably in connection with this overlapping that the hyo- 
maxillaris Anlnge becomes a ligament in Urodela, Cera¬ 
todus, and some Teleostomi, and is not developed in 
Selachii and Sauropsida. 


Eye Muscles of the Rabbit. 

The development of the external ocular muscles in Teleo- 
stoman and Amphibian embryos was not followed. 

In pig embryos of 10 mm. maximum and G mm. Nacken- 
lange, Iteuter found the An 1 age of the eye muscles as an 
“ nntrennbarer Zellcomplex,” which, he held, “ als Anhau- 
fnng von morphologisch urspriinglich Keimzellen ans dem 
Mesenchym hervorgeht.” 

In 3 mm. embryos of the rabbit the premandibular Anlage 
is developed, on each side, as a hollow outgrowth of the fore 
end of the alimentary canal (Text-fig. 75). This outgrowth 
becomes solid by proliferation of its walls as it is constricted 
off, and in mm. embryos (Text-fig. 79) it forms a solid mass 
connected with its fellow by a solid string of cells lying across 
the fore end of the alimentary canal just below the anterior 
down-turned end of the notochord. The connecting string 
of cells has disappeared in 4j- mm. embryos. The premandi- 
bnlar Anlage forms a crescent-shaped mass in 4 mm. embryos 
(Text-fig. 84) ; and from this the recti superior, inferior, 
interims, and obliquns inferior are formed ('Text-figs. 9G, 97). 
'The obliquus superior is formed from the anterior extremity 
of the upper end of the mandibular myotome in 3^ mm. 
embryos (Text-fig. 78). The development of the nbducens 
Anlage is doubtful ; in 3^ mm. embryos it is visible lying 
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behind the premandibular Anlage and internal to the man¬ 
dibular myotome (Text-fig. 79). In 2i mm. embryos it 
apparently is represented by a group of cells lying above 
the first gill-cleft and continuous behind with cells lying in 
the hyoid segment—cells which in 3 mm. embryos have diffe¬ 
rentiated into myotome and surrounding mesoblast. It is 
probable, therefore, that the abducens Anlage is formed from 
the mesoblast of the hyoid segment before the myotome is 


Text-fio. 57. 



Rana, embryo Omm.. longitudinal vertical section. 

formed. The abducens Anlage begins to separate into rectus 
externus and retractor oculi in 13 mm. embryos (Text-fig, 96). 

These observations suggest that perhaps in pig embryos of 
a younger age than those investigated by Reuter a similar 
series of events may occur. In the later stages of develop¬ 
ment there is also a difference between the pig and the 
rabbit; in the former, according 1 to Reuter, the retractor oculi 
is formed from all four recti, in the latter it is formed from 
the abducens Anlage only, as is usual in Vertebrates. 

VOL. 56, PART 2. -NEW SERIES. 17 
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Branchial Muscles. 

The homologies between the branchial muscles of various 
vertebrates are obscured by the absence of uniformity in 
nomenclature. The word “interbranchial ” has been applied 
to many quite different muscles. It was used by Vetter to 
denote the layer of muscle-fibres which lies external to the 
branchial bars and internal to the superficial constrictor in 
Selachii. It was subsequently employed by Broun and by 
Schultze to denote longitudinal muscles between the ventral 
ends of branchial bars in Amphibia; by Drtiner, to denote 
transverse muscles in Amphibia ; by K. Fiirbringer and by 
Greil to denote slender vertical muscles in Ceratodns. 

In this paper the word “interbranchial” is used exclusively 
in the Selachii in the sense of Vetter; longitudinal muscles 
between the ventral ends of branchial bars are called “ inter- 
arcuales veutrales” (vide infra); transverse muscles are 
called u transversi ventrales,” and the vertical muscles of 
Cera tod us are called Mm. margin ales, as they are exactly 
homologous with the Mm. marginales of Anuran larva* 
described by Schultze. 

Fiirbringer included two sets of muscles under the term 
“ hypobranehial spinal musculature” 1 —(1) Those which are 
sometimes called ventral longitudinal muscles, e.g. coraco- 
mandibularis, coraco - hyoidens, genio - hyoideus, sterno- 
hyoideus; (2) the coraco-branchiales of Elasmobranchs, 
Teleostoini, and Dipnoi. 

Investigation of the development of these muscles, how¬ 
ever, shows that whereas the ventral longitudinal muscles 
are derived from trnnk-mvotomes, the coraco-branchiales 
are derived from the ventral end of one or more branchial 
myotomcs, i. e. are of cranial origin. The above-mentioned 
terminology would therefore appear to be in need of revision, 

1 The name “hypoglossal musculature “ employed by Xeal and by 
Corning has nearly, but not quite, the same meaning as Furbringer’s 
“ hypobranehial spinal musculature,” e. g., it would include the cerato- 
hyoideus (interarcualis ventralis I) of Splienodon. 
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and in this paper longitudinal muscles derived from trunk- 
myotomes are called' “ liypobrancliial spinal muscles,” and 
longitudinal muscles derived from branchial myotonies are 
called “ liypobrancliial cranial muscles.” 

The Anlageu, which in some Vertebrates grow backwards 
and form coraco-branchiales, are homologous with Anlagen 
in other Vertebrates, which form muscles passing between 
the ventral ends of the branchial bars. Many different 


Text-fig. 58 . 



Kana, embryo 7mm., transverse section. 

names have been given to the latter muscles, e.g. inter- 
brancliiales s. constrictores arc mini branchialium (Broun), 
constrietores arcuum (Mivarfc), interbrancliiales (Schultze), 
snbarcuales (Driiner). 

Vetter called certain muscles in the branchial arches of 
Acipenser “ interarcuales ventrales,” and gave the name of 
“obliqui ventrales ” to exactly homologous muscles in 
Teleostei. One or other term is superfluous, and following 
Allis, that of “obliqui ventrales” is used in this paper for 
theTeleostomi generally. The name “interarcuales veutrales” 
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is used for the longitudinal muscles passing between the 
ventral ends of the branchial bars. 

The foremost u interarcualis ventralis” passing from the 
first branchial to the hyoid bar has received many names, 
e. g. cerato'idien lateral on petit ceratoidien (Cuvier), inter- 
cornalis (Owen), cerato-hyoideus interims (Fiirbringer, Miss 
Platt, Driiner), cerato-hyoideus (Osawa), hyoideus lateralis 
(Bendz), kerato-hyoidens (Ellenberger and Baum), inter- 
hyoideus (Dubois), kerato-thyro-hyoideus (Jaquet). The 
name “ branchio-hyoideus 55 was applied to this muscle in 
Sphenodon (loc. cit.), and is employed in the case of other 
animals, when it occurs, in this paper. 

In Scyllinm, van Wijhe described the coraco-brancliialis 
and coraco-mandibularis as developing from the walls of the 
obliterated anterior prolongation of the pericardium, and 
from “ Nebenzweige,” given off from the “ Unterendeu der 
Wande der Yisceralbogenhohlen.” 

It will be shown later (p, 208) that the coraco-mandibularis 
and coraeo-hyoideus are developed from the fourth to eighth 
trunk-myotomes. The five branchial myotonies form at first 
epithelium-lined cavities continuous below with the cephalic 
coelom (Text-fig. 2). They separate from the cephalic ccelom 
in 14 mm. embryos, and their cavities become obliterated 
(Text-fig. 4). In 17 mm. embryos the lower ends of the 
branchial myotonies grow backwards, and become cut off 
from the remainder of the myotonies, forming coraco- 
branchiales (Text-figs, 8, 10). The (now) ventral ends of the 
myotonies grow downwards outside the Anlagen of the 
coraco-branchiales forming tlie ventral ends of the constrictor 
(Text-fig. 13). The upper ends of the myotonies, in embryos 
between the lengths of 17 and 20 mm., increase in antero¬ 
posterior extent (Text-fig. 14), and, fusing together, extend 
backward as the trapezius 1 to the shoulder-girdle. Below 

1 It is stated by van Wijhe that the seventh, eighth and ninth 
myotonies give rise to Vom Schiidel znm Sehultergnrtel ziehende 
Muskeln nebst deni vordersten Theile des sterno-hyoideus,*' hut the 
trapezius is not specifically mentioned by him. 
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the Anlagen of the trapezius each branchial myotome forms 
a transversely broad plate in the branchial septum (Text-fig. 
9). The part internal to the branchial bar forms the adductor 
(Text-fig. 15) ; the part external to the bar forms—next the 
bar, dorsally the arcnalis dorsalis 1 (Text-fig. 14), and below 
that the interbranchial, whilst the external edge forms the 
constrictor superficialis. 

In Acipenser the lower ends of the branchial myotomes 


Text-fig. 59. 



separate from the cephalic coelom, and in 84 mm. embryos 
(Text-fig. 22) grow downwards, except in the fourth branchial 
segmeut, 2 forming the Anlagen of the coraco-branchiales, 
and also downwards and inwards dorsal to the cephalic coelom, 
forming the lower parts of the obliqui ventrales. The ventral 
end of the lower part of obliquus ventralis I becomes attached 

1 Employing Fiirbringer's terminology (vide p. 2GG). 

2 In the adult forms examined by A r etter the coraco-branchialis 
IV was absent, and it was not developed in the embryos examined. 
According to Fiirbringer it is present. 
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to the ceratohyal, and those of the obliqui ventrales 11 and 
III to the corresponding liypobranchials, whilst the IVth and 
Vth meet their fellows in the median line, in the case of the 
IVth also becoming attached to the basibranehial. The 
parts of the first three branchial myotonies above the 
Anlagen of the coraco-branchiales form adductors internal 
to the branchial bars, and the upper portions of the obliqui 
ventrales external to the branchial bars ; in the case of the 
fourth myotome only the upper portion of obliqnns ventralis 


Text-fig. (50. 



Ranst, larva with hind legs moderately developed, transverse 
section. 

IV. The uppermost portions of the first four branchial myo¬ 
tonies form levatores arcuuin brauchialinm ; in 81- mm. 
embryos the first is attached to the auditory capsule, the 
second, third, and fourth lie outside the trunk myotonies 
(Text-fig. 22) ; in 11 mm. embryos the upper ends of the third 
and fourth havealso shifted to the auditory capsule with addi¬ 
tional attachments to the second pharyngo-branchial, and the 
upper end of the second has become attached to the second 
pliaryngo-branchial ; all four are inserted to the correspond¬ 
ing epibranchials. The trapezius is given off from the fourth 
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levator in Sh mm. embryos (Text-fig. 22), and grows back to 
the shoulder-girdle; in 11 min. embryos its fore part has dis¬ 
appeared, and the anterior end of the part remaining is 
attached to the skin ; in the adult it is absent (\ etter). The 
portion of the fifth branchial myotome above the coraco-bran- 
chialis V forms a muscle attached above the fourth epi- 
branchial and below to the fifth cerato-branchial—the fifth 
levator of Vetter. 

In Ainia the lower end of the fifth branchial myotome forms 
in 8P min. embryos (Text-tigs. 31, 32) the lateral half of a 
transversus ventralis V and a coraco-branchialis \, as in 
Acipenser; the lower end of the fourth branchial myotome 
forms (Text-fig. 30) the lateral half of a transversus ventralis 
IV and the Anlage of the internrcualis ventralis J V, which 
grows forward to the third branchial bar. Neither coraco-bran- 
chiales 1 nor interarcuales ventrales are formed in the first 
three myotomes ; the lower ends of the myotonies grow 
downwards and inwards, forming the ventral portions of the 
obliqui ventrales I, IT, and III. The portion of the fourth 
myotome, next above the Anlagen of the interarcualis ven¬ 
tralis IV and transversus ventralis IV, forms the obliquns 
ventralis of that arch, which is serially homologous with the 
dorsal portions of the obliqui ventrales of the first three 
arches. In 10 mm. embryos the hind end of the interarcualis 
ventralis IV grows backward to the fifth bar, and in 
19 mm. embryos its front portion divides longitudinally into 
two (Allis), so that there are formed two longitudinal muscles 
extending from the third bar to the fourth and fifth respec- 
tivelv: both are innervated by the nerve to the fourth arch 
(Allis). 

Allis homologised these longitudinal muscles with the 
lower portions of the obliqui ventrales of the first three 
arches, but their development shows that the latter are homo- 

1 Fiirbringer described a coraco-branchialis II. but it is not des¬ 
cribed by Allis or McMurricli, and was not present in the embryos 
examined. 
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logous with tlie transversi ventrales of tlie fourth and fifth 
arches. 

The coraco-branchialis V divides, in 14 mm. embryos, into 
pharvugo-clavicularis interims and externus. 

The upper ends of the first branchial myotonies form leva- 
tores arcuum branchialium ; the first two broaden transversely 
(Text-fig. 29) and divide into external and internal portions. 
The first and second exterui and third and fourth levatorcs 


Text-fig. fil. 



become attached to the first, second, third, and fourth epibran- 
chials, the first interims to the second pharyngo-branchial, and 
second interims 1 to the third pharyngo-branchial constituent 
of the superior pharyngeal bone 2 of Allis (os pliaryngemn 
superior of v. AVijhe, Pharyngealplatte of Wiedersheim). 
All take their origin from the auditory capsule. The 

1 Protractor lnryngis of Wiedersheim. 

2 The os pharyngeum superior of Amia and Lepidosteus (Text-fig. 
2.5) is formed by the union of the pharyngo-branchials of the third and 
fourth arches—bearing out the theory of v. Wijhe. 
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trapezius is formed from the fourth levator, and persists; 
it is the muscle described by Allis as the fifth externus” 
levator, “found in 40 mm. fishes as a part of the fourth 
levator/ 5 The portion of the fifth branchial myotome above 
the coraco-branchialis V does not divide into levator and 
(dorsal portion of) obliquus ventralis ; it forms two muscles—- 
the second obliquus dorsalis and second adductor of Allis, 
passing from the fourth epi- and eerato-branchial to the fifth 
cerato-branchial. 

The development of the branchial muscles of Lepidostens 
is similar to that of Amia, the only exceptions being* (1) the 
coraco-branchialis V does not divide into pharyngo-clavi- 
cularis externus and interims (Text-fig. 25) 1 ; (2) the inter- 
arcualis ventralis IV is not developed. 

The differences between the branchial muscles of Salrao 
and Amia are that in the former (1) the interarcualis ven¬ 
tralis IV retains the primitive condition of a longitudinal 
muscle between the fourth and third bars, and does not, as 
in Amia, secondarily extend back to the fifth bar. (2) The 
third levator arcuum branchialium, as well as the first two, 
divides into external and internal portions, of which the 
externus is inserted into the third epibrauchial, and the 
internus into the fourth pharyngo-branchial. (3) The portion 
of the fifth myotome above the coraco-branchialis V forms 
one muscle only (obliquus dorsalis of Vetter), passing from 
the fourth epibrauchial to the fifth cerato-branchial. (4) No 
adductor is formed in the fourth arch. 

It is noteworthy that the trapezius persists in Salmo, as in 
ALenid ia (Herrick) ; in Esox, Cyprinns, and Perea it is absent 
in the adult (Vetter). In some Teleostei there are a greater 
number of interarcuales ventrales present than in Salmo, 
e.g. in Cyprinus an interarcualis ventralis I, and in Esox 
an interarcualis ventralis III are additionally present (Vetter). 

The muscles attached to the ventral ends of the branchial 
bars of Polypterus, apparently, are very different in various 

1 According to Furhringer. “ Lepidostens hat kein coraco-branchialis 
nieliv.” 
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species. Furbringer stated that in Polypterus, ? species, there 
nre four coraco-branchiales attached to the four branchial burs. 
Pollard did not describe these; he stated that in Polypterus, 
? species, the coraco-hyoideus sends additionally a long- 
tendon to the lower end of the first cerato-branchial, and also 
that there is a muscle belonging to the system of the coraco- 
arcuales, which, arising from the fourth, i.e. last cerato- 
branchial, passes horizontally forwards and affixes itself to 
the lower ends of the second and first eerato-branchiales. It 
is apparently supplied by the united first and second spinal 

Text-fio. U-\ 



Rami, larva with fully formed bind legs, transverse section. 


nerves. There is also “a flat muscle of small size, which 

takes its origin from the hist cerato-branchial. it loses 

itself in the skin near the anterior edo-e of the dermal clavicle. 

© 

Its innervation was not traced.” 

In Poly j) ter us sene gad us (larva? 7 A to 9 A cm. long) 
there is a plniryngo-clavicnlaris exteruns and interims ( = 
coraco-branchialis IV) attached anteriorly to the fourth 
cerato-branchial, and passing down wards through the coraco- 
hyoideus to the shoulder-girdle (Text-fig. o7). In front of 
this is a longitudinal muscle passing from the fourth to the 
second cerato-branchial, and innervated by the nerve to the 
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third arch; this, on comparison with the interarcualis veutralis 
IV of Amia, is probably an interarcualis veutralis 111, which 
has additionall}’ extended back to the fourth bar. In front 
of this are the interarcuales ventrales Hand 1, the former 
passing from the second to the first cerato-branchial, and the 
latter from the cerato-branchial to the ceratohyal (Text-figs, 
do and 86). 

In Polypterns senegalns there are transversi ventrales 
III and I\ r (Text-figs. 30, 37); the median edges of the 
former are attached to the basibranchial; the latter in its 
anterior part forms a transverse muscle, and in its posterior 
part enters into relation with the rima glottidis, forming the 
dilatator of Wiedersheim. He called the fore part of the 
muscle M. adductor arc. branch., but adductors, in the sense 
of Vetter, are not present in Polypterns senegalus, and 
the whole muscle is a transversus veutralis of the fourth arch. 

In Polypterns, ? species, Pollard described four “inter¬ 
arcuales ventrales ” (i.e. in the terminology of this paper, 
“ obliqni ventrales”), one to each branchial bar. In Poly¬ 
pterns senegalus these muscles are not present in the first 
and second branchial segments; in the third and fourth 
segments their dorsal portions are present in the form of very 
minute muscles, the lower ends of which are attached to the 
eerato-branchiales (Text-fig. 37). Pollard described four leva- 
tores arcuum branchialium inserted into the upper ends of the 
cerato-branchials. In Polypterns senegalus the first is 
inserted into the first pharyngo- and epi-branchial, the second 
and third into the respective pharyngo-brauchials, and the 
fourth, which has an additional head from the third pharyngo- 
branchial, into the fourth cerato-branchial. According to 
Pollard, there is no trapezius corresponding to that of 
Selachians, but he mentions that a muscular slip—presumably 
of the fourth levator—continues on beyond the last (fourth) 
cerato-branchial, and is inserted into the skin-ligaments in 
front of the shoulder-girdle. In Polypterns senegalns 
there is a trapezius arising in common with the fourth 
levator and passing back to the shoulder-girdle (Text-fig. 37). 
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The development of the branchial muscles of Ceratodns, as 
given by Greil, is summarised above (pp. 176 and 176). In the 
specimens examined the lower ends of the branchial myotonies 
separate from the lateral wall of the cephalic coelom in stage 
12 (Text-tigs. 42, 4o). In stage 46 the lower end of the first 
branchial myotome grows forward to the hypohyal (Text-fig. 
44), forming the interarcualis ventral is I 1 s. brancliio-hyoidens; 


Text-fig. ( 12 . 



in the second, third, and fifth branchial segments the lower ends 
of the myotonies grow downwards, forming coraco-branchialcs 
II (Text-fig. 47), II t and V, and also downwards and inwards, 
forming the (lateral halves of the) transversi ventrales 

1 Cerato-hyoideus interims of Fiirbriuger; cerato-hyoideus of Greil: 
M. grand abducteur du premier are l)raneliial of Jaquet, who states 
that the hind end of the muscle is attached to tlie first and second 
branchial liars. 
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II, 1 2 III, 1 and Y 3 ; in the fourth branchial segment only a 
coraco-brnnchialis IV is formed. This condition — of an 
iiiterarcnalis ventralis I and coraco-branchiales II, III, IV, 
and V—persists till stage 03; at a later stage the hinder end 
of the interarcualis ventralis 1 grows backwards, forming, 
in the specimen examined, a longitudinal muscle, which is 
attached posteriorly to the fifth bar, and also a coraco-bran- 
chialis I. From this and the descriptions given of the adult 
by II. Fiirbringer and by Jarpiet, it may be inferred that 
the hind end of the interarcualis ventralis I always grows 
back, forming a coraco-branchialis 1, and may or may not 
also grow back to a more posterior branchial bar. 

The portions of the branchial myotomes immediately above 
the interarcualis ventralis [ and coraco-branchiales II, III, 
and TV form Mm. marginales. 3 Xo adductors are developed. 
The upper ends of the first four branchial myotomes and the 
whole of the fifth branchial myotome above the coraco-bran¬ 
chialis V (no fifth M. marginalis being developed) form 
levatores areunm branchialium 4 (Text- fig. 48). 

The trapezius 5 is proliferated from the outer side of the fifth 
levator in stage 48 (Text-fig. 48). 

In Xecturus (Miss Platt), in embryos of 12-L mm. there is 
an outgrowth from the ventral part of the glosso-pliaryngeal 
muscle—the beginning of the eerato-hyoideus internns; and 
there are three constrictors arcuum, the first growing forwards 
from the mesothelinm of the first vagus arch where this joins 

1 AI. chiasmique of Jaquet ; second and third Aim. interbranchiales 
of Greil. 

2 The posterior margin of the transversus ventralis A" in stage 63 
underlies the lung. 

3 AI. branchialis of Jaquet ; first, second, third, and fourth Aim. 
interbranchiales of K. Fiirbringer : fourth and fifth Alin, interbranchiales 
of Greil. In the adult, according to Jaquet. these muscles are attached 
dorsally to the upper ends of the branchial bars, according to K. 
Fiirbringer to the skull. 

4 Cranio-branchiales of Jaquet; levatores arcuum branchialiuni of 
Greil. 

5 AI. scapulo-brancliialis of Jaquet; levator scapula? of Greil. 
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tlie wall of tlie pericardium, the second and third arising as a 
single muscle from the wall of the pericardium in the region 
where the mesothelinni of the second vagus arch unites with 
the pericardial wall. Above these muscles are found the gill- 
muscles, and dorsally the three levatores arcnum. 

This would mean, according to the theory which was 
suggested above, that the interarcnales ventrales I, II, and 
III are formed from the ventral ends of the first, second, 
and third branchial mvotomes, the Anlagen of the gill- 
muscles above these, and the three levatores from the upper¬ 
most portions. 

There are three other branchial.muscles in Necturus which 
were not mentioned by Miss Platt—the transversus ven¬ 
tral is I V, 1 fourth 2 levator arcnum, and the trapezius.* 2 In 12 
mm. embryos there is present a fourth branchial myotome 
serially homologous with the first, second, and third (Text-figs. 
51, 52). In 13 mm. embryos this has separated from the 
cephalic coelom and divided into a fourth levator and lateral 
half of a transversus ventralis IV (Text-fig. 53) ; in 14 h min. 
embryos the lower half of the transversus ventralis IV has 
spread inwards dorsal to the cephalic coelom and below the 
developing larynx to meet its fellow in the middle line (Text- 
fig\ 5(3). 3 * Xo interarcualis ventralis IV is developed. Trans- 
versi ventrales are not developed in the first three arches/ 5 
The trapezius is proliferated from the outer surface of the 
fourth levator in 1(3 mm. embryos. 

In Triton cristatns the events are similar; an interaren- 
alis ventralis IV is developed, in correlation with the formation 
of the fourth branchial bar. The interarcnales ventrales II, 
111, and IV become divided into the muscles called sub- 

1 The fourth pharyngo-branchialis of Wilder; the hyo-pharyngeus of 
Gopport. 

2 The fourth levator and trapezius were described by Mivart ; the 
latter, in the terminology of Fiirbringer, is a dorso-senpularis. 

3 This confirms the opinion of Gupperfc that his hyopharyngeus is 

not formed by fusion of transversi ventrales III and I V, but is only a 

transversus ventralis IV. 


MORPHOLOGY OP CRANIAL MUSCLES IN SOME VERTEBRATES. 245 


arcnales recti aud obliqni by Driiner. The trapezius is a 
capiti-dorso-scapularis; it is formed by proliferation from the 
outer surface of the fourth levator in 8i mm. (just hatched) 
larvm. 

Driiner described in Urodela a first, third, fourth, and fifth 
transversns ventralis (called by him “ interbranchial ”) in the 
territory of the first, third, fourth, and (an atrophied) fifth 
branchial arches. He also stated that the first is formed by 
a secondary attachment of the ventral facial muscles to the 
first branchial arch—this, which is not a true transversns, is 
described above (p.215). In Nectimisand Triton cristatus 
a transversns ventralis III is not formed ; there is only a 
TYth. The question whether the larvngei represent a Vth 
is discussed below. The transversi ventrales were included 
by Driiner in the ventral head muscles, but they are not 
serially homologous with the interinandibnlaris aud inter- 
hyoidens, which are developed from the walls of the cephalic 
coelom in the mandibular and hyoid segments, whereas the 
transversi ventrales are formed by down growths of the 
branchial myotonies dorsal to the cephalic coelom. 

In Ran a temporaria the ventral ends of the four 
branchial myotonies separate from the parts above in GA mm. 
embryos, and form the Anlagen of the four interarenales 
ventrales, and iu the second, third, and fourth segments the 
Anlagen of the transversi ventrales. In the first three seg¬ 
ments the middle portions of the myotonies form the Mm. 
margin ales and the upper parts the levators. The portion 
of the fourth myotome above the interarcualis ventralis forms 
the fourth levator, no M. margiualis being developed. 

The median ends of transversi ventrales II and III become 
attached to the posterior surface of a ventral projection of 
the first basibranchial (second copula), and their lateral 
edges to the processus branchialis. The lateral edges of 
transversns ventralis IV become attached to the fourth cerato- 
branchial (Text-fig. Gl), aud their median edges meet in a 
central raphe, which underlies the fore part of the larynx. 
There are similar muscles in lame of Alytes, Bnfo lenti- 
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g in os ns, and Pelobates, 1 In Ran a, at the end of the meta¬ 
morphosis, the transversi ventrales II and III disappear, 
whilst trausversns ventralis IV persists. 

Wilder was of opinion that transversns ventralis IV 
(constrictor laryngis, hyopharyngens of Goppert, Veren- 
gerer des Aditns laryngis of Henle) was a derivative of the 
intrinsic ring, i.e.of the sphincter laryngis. Goppert, on 
the other hand, thought that it was homologous with the 
hyopharyngens of Urodela, only differing in that it fails 
in the larva to be attached to the fourth bar. This homology 
of Goppert is confirmed by the development of the muscles. 
In the Amiran larval examined the muscle was attached to 
the fourth bar. 

The Anlagen of the interarcuales ventrales develop into 
longitudinal muscles, each extending from the bar of its 
segment of origin to the next anterior one. In 0 mm. larvie 
the interarcualis ventralis I s. branchio-hyoideus divides 
longitudinally into two parts, one of which connects the first 
branchial bar to the ceratohyal, the other forms with the 
interarcualis ventralis II a muscle extending from the second 
branchial bar to the ceratohyal. A similar development of 
the interarcualis ventralis 1 takes place in Bufo lenti- 
ginosus, Alytes, and Pelobates. 2 * 

The Mm. marginales of Alytes, Bufo, Rnna, and Pelobates 
(vide Schultze), run along the external edges of the corres¬ 
ponding branchial bars ; their dorsal ends are attached to the 
external surfaces of the upper ends (below the insertions of the 
levators) of their respective bars. The ventral end of the first 
is attached to the second bar—to the processus branchialisof 
Schultze, which is formed from the second bar, the ventral 


1 The transversi ventrales II and III are collectively termed “ basi- 
hyohranchialis ” by Schultze, in Pelobates. 

2 Schultze did not describe the muscle passing from the first 

branchial bar to the ceratohyal in older larva 4 of Pelobates, but it per¬ 

sists up to the stage of .‘>0 mm. The interarcuales II and III he 
collectively terms the *'interbranchial " ; and the muscle passing from 
the second bar to the ceratohyal the cerato-liyo-branchialis." 
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ends of the second and third to the third bar, 311 st behind 
its junction with the processus branchialis. In Rana, at the 
end of metamorphosis, the cerato-brancliial portions of the 
branchial bars disappear and the Mm. marginales also. Tlie 
upper end of the first levator becomes attached in part to 
the palato-pterygoid bar and in part to the periotic capsnle, 
the second, third, and fourth to the periotic capsule only 
(Text-tig*. Gl). This is also the ease in Alytes, Bufo lenti- 
g in os ns, and Pelobates . 1 

According* to Wilder, in liana clamitans the fourth 
levator is formed daring metamorphosis by division of the 
dorso-laryngis into the fourth levator, and dilatator laryngis ; 
and this is stated to hold generally in Anura. In Han a 
temporaria, however, the fourth levator is formed in 7 mm. 
embryos, and the dorso-laryngens not until 7t mm., and the 
two muscles have no genetic connection ; and both muscles 
are present in larva? of Pelobates, Alytes, and Bnfo lenti- 
ginosns, of 1 (J, 12 i, and 10 mm. respectively, i. e. long before 
metamorphosis. 

In liana, late in metamorphosis, the partial origin of the 
first levator from the palato-pterygoid bar is given up, and, 
on the atrophy of the cerato-branchials and Mm. marginales, 
all four levators extend downwards, and their lower ends 
become attached to tlie body and processus posterior medins 
of tlie hyoid bar. 

In T 2 mm. larva? of liana a downgrowth of the lower end 
of the fourth levator takes place, forming the diaphragmato- 
branchialis lateralis 2 (of Schnltze). Its upper end becomes 
attached to the fourth bar, its lower end to the diaphragm. 
It is innervated by the Xth. It is also formed in Alytes, 

1 Schnltze. in older larvae of Pelobates. described all four levatores as 
arising from the palato-quadrate bar. 

2 Schnltze gave the name “ diaphragmato-branciiialis medialis" to 
the muscle called “ sterno-liyoid ” in this paper. He did not describe 
the innervation or development of the larval muscles of Pelobates ; his 
names are purely descriptive, and do not imply that he thought that the 
two muscles ■* diaphragmato-branciiialis " and ** medialis ” have any 
genetic connection. 

VOL. 56, PART 2.- NEW SERIES. 


18 


248 


P. H. EDGEWORTH. 


Bufo lentigi n osns, and Pelobates, in larva) of about the 
same length. In liana it disappears late in metamorphosis. 
The trapezius (capiti-scapnlaris, of Fiirbringer; cncnllnris, 
of Ecker and Ganpp) is formed early in metamorphosis from 
cells proliferated from the outer surface of the fourth levator 
(Text-fig. Gl). 

In G mm. embryos of Clirysemys marginata there are 
four branchial myotonies; in 8 mm. embryos (Text-figs. GO-GO) 
the middle portion of the first is very slender and that of the 
second has disappeared, and the middle and lower portions 
of the third and fourth have disappeared; the upper end of 
the fourth has extended back a little in the neck, the upper 
end of the third has extended back to that of the fourth, the 
upper end of the second is a separate structure, and the upper 
end of the first is still connected with the rest of the myotome. 
In T2 mm. embryos the dorsal ends of the first and second 
have each grown backwards into the next segment, and there 
is thus formed a long column of cells which has grown still 
further backwards into the neck, forming a trapezius—the 
capiti-plastralis of Furbringer; the middle portion of the 
first and the lower end of the second myotonies 1 have dis¬ 
appeared, whilst the lower end of the first forms the* inter- 
arcualis ventral is I, which, extending from the first branchial 
bar to MeekePs cartilage, is the branchio-mandibnlaris. 

In Lacerta agilis the dorsal edge of the primitive 
trapezius extends upwards outside the trunk myotonies of the 
neck (Text-figs. 70, 71), and in 20 mm. embryos it has divided 
into dorsal and ventral portions, the capiti-dorso-clavicularis 
and capiti-eleido-episternalis of Furbringer. The former is 
innervated solely by spinal nerves, the latter by the acces¬ 
sorius vagi. Furbringer concluded from this innervation 
that the capiti-dorso-clavicularis is a new formation, and that 

1 The curious persistence for a, time of the lower end of the second 
branchial myotome, after disappearance of the middle portion of the 
myotome, is in favour of the idea (loc.cit.) that ancestors of the 
Sauropsida may have possessed an interareualis ventralis II, passing 
from the second to the first branchial bar. 
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the whole muscle is a complex of muscle-metameres, 1 but this 
inference is not borne out by study of its development. 

In (railus the upper ends of the first and second branchial 
myotonies separate from the parts beneath on the fourth day 
(Text-figs. 72 ; 74). They fuse together and extend back¬ 
wards in the neck (Text-fig. 74) forming the trapezius 

Text-fto. 64. 



Text-fin's. 64-69. — Chrysemys. embryo 8 mm. Text-fig. 64 is the 
most anterior; Text-figs. 64 and 65 are through the hyoid 
segment. Text-fig. 66 through the first branchial. Text-fig. 67 
through the second branchial. Text-fig. 68 through the third 
branchial, and Text-fig. 69 through the fourth branchial seg¬ 
ment. 


(Cucullaris of Fiirbringer). The lower end of the first 
branchial myotome forms the interarcnalis ventralis 1 s. 

1 “ So entstand ein neugebildeter. dem ursprunglichen M. cucullaris 
mn* in semen vordersten Theile homologer, in seinen Hauptmasse aher 
bios initatoriseh-homodynamer oder parhomologer Muske!/’ 
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brancliio-mandibularis. The middle portion of the first and 
the whole of the second (below the Anlage of the trapezius) 
branchial myotomes disappear. 

In 5 mm. embryos of the rabbit the upper ends of the first, 
second, and third branchial myotomes separate from the parts 
below, the upper end of the third grows backward in the 
neck, aud the upper end of the second backward to join that 


Text-fig. i>5. 



of the third (Text-figs. 85, 80, 87); in 0 mm. embryos the 
upper end of the first has grown back to that of the second. 
The hind end of the primitive trapezius, thus formed from the 
upper ends of all three branchial myotomes, reaches the 
anterior limb area in 7 mm. embryos (Text-fig. 88) ; its dorsal 
edge extends upwards in 7i mm. embryos (Text-fig. 90), and 
in 9 mm. embryos it lias divided into the trapezius and 
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sterno-mastoid o£ the adult. The portions of the branchial 
myotonies below the Anlagen of the trapezius have dis¬ 
appeared in 7 mm. embryos. 

In the pig the lower end of the first branchial myotome 
persists (Text-fig. 98), and forms the interarcualis ventralis I 
s. branchio-hyoideus (Text-fig. 99). This muscle is also con¬ 
stantly present in the dog, 1 and in Monotremes, 2 3 4 and is occa¬ 
sionally present in man." In Monotremes there is also an 
interarcualis ventralis III passing from the third to the 
second branchial arch. 1 


Ox the Homologies between the Branchial Muscles oe 

V A in OUS V EKTEB RATES . 

(1) The Hy pobran cilia 1 Cranial Muscles.—The 
lower ends of the branchial myotonies develop into longi¬ 
tudinal muscles—interarcuales ventrales, and coraco bran- 
chiales — in Selachii, Teleostouii, Dipnoi, Amphibia, and 
Mammalia. Their innervation varies. Those which remain 
in their segment of origin, or nearly so, extending forward 
to the ventral end of the next anterior branchial bar or 
hyoid bar (or additionally and subsequently to the next pos¬ 
terior bar, in Amia, and probably Polyp ter us senegmlus) 
are innervated by the corresponding branchial nerve, IXtli or 
branch of Xth, or by this and the next anterior branch. 
This holds for the interarcuales ventrales of Amia, 
Polypterns senegalns, Salino, Ceratodus, Amphibia, and 
Mammalia. The interarcualis ventralis 1 of Sauropsida 
(branchio-hyoideus or brauchio-inandibularis) is an exception 
to the rule; it is innervated by the XI 1th. 

A coraeo-branchialis, or pharyngo-clavicularis externus and 
interims, developed by backward growth from the last branchial 
myotome, i.e. fourth in Polypterus senegalns, fifth 

1 Kerato-hyoideus of Elleuberger and Baum. 

2 Interhyoideus of Dubois. 

3 Kerato-thyro-hyoideus of Sliattuck. 

4 Interthyroideus of Dubois. 
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in Amia, Salmo, Esox, Jlenidia, may either retain its original 
branchial innervation from the Xth, e. g. Amia (Allis)_, 
Esox (Vetter), Menidia (Herrick), Eepidostens, Polypterus 
senega! 11 s, or be innervated by spino-occipital nerves, e. g. 
Amieurus (Wright), Salmo (Harrison). When cornco- 
branehiales are developed from all the branchial myotonies, 
they are innervated by the spino-occipital nerves, e. g. 
Selachii (Yetter, Fiirbringer), Acipenser (Vetter), Polypterus 

species (Fiirbringer), Ceratodns (Fiirbringer). 

r riie coraco-branehiales muscles have been generally classed 
with the hypobranchial spinal muscles, but investigation of 
developmental stages shows that the ventral ends of 
branchial myotonies may form longitudinal muscles, which 
either grow forwards, forming interrfrcnales ventrales, or 
backwards, forming coraco-branchiales, but not in both 
directions. (There are two, probably three, exceptions to 
the above rule; in Amia, at a late stage of development, the 
hind end of the interarc mil is ventralis IV grows backward 
to the fifth bar; the innervation in Polypterus Sene¬ 
gal us suggests that the hind end of the interarcnalis ven¬ 
tralis Ill similarly grows back to the fourth bar; and in 
Ceratodns the hind end of the interarcnalis ventralis 1, at a 
late stage of development, grows back, forming the coraco- 
branchialis 1, and also, at least in some cases, to a more 
posterior bar.) The first condition, that of interarcnales 
ventrales, is the primary one, as shown by the correspondence 
of cranial nerve innervation, with segment of origin. The 
second condition, that of coraco-branchiales, is a secondary 
one, in which a change of function to one very similar to 
that of the coraeo-hyoidens is correlated, though in varying 
deg ree, with a change of innervation to one by the spino- 
occipital nerves. 

An approximation to what was, probably, the primitive 
condition, is seen in Amphibia. This was a series of 
interarcualcs ventrales, each extending from the bar of its 
segment of origin to the next anterior one. The hyo- 
maxillaris, in the hyoid segment, is serially homologous with 


MOliPHOLofJY OF OIiAXIAL MUSCLES IX SOME YEKTEELATES. 255 

the branchial interarcuales ventrales. There is no homologue 
in the mandibular segment. These longitudinal muscles 
possibly date from a period where there were no median 
cartilages connecting the ventral ends of the hyoid and 
branchial bars, and formed a rectus system of the head 
serially homologous with that of the body, though now 
covered over by the latter, owing to its extension forwards 
into the head. 


Text-fig. 7u. 



Laeerta. embryo 8 mm., transverse section. The right side of 
the section is a little anterior to the left. 

(1) Transversi Ventrales, Mm. Marginales, and 
Obliqui Ventrales.—In Scyllinm, Acanthias, Sanropsida, 
rabbit, and pig, the hypobrauchial cranial muscles are the most 
ventral ones formed from the branchial invotomes; no trans- 
versi ventrales are formed. This is also the case in the first 
branchial segment of Anuran tadpoles, the first, second, and 
third of the Necturus and Triton, the first and fourth of 
Ceratodus, the first and second of Polypterus Senegal us. 
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But in the second, third, and fourth branchial segments 
of Amiran tadpoles, the fourth of Necturus and Triton, the 
second, third, and fifth of Ceratodus, and in those segments 
of Teleostomi in which hypobranchial cranial muscles are 
formed, the lower ends of the branchial myotonies also grow 
downwards and inwards above the cephalic coelom, towards, 
or to the middle line forming the (lateral halves of the) 
transversi ventrales, or their homolognes, the lower portions 
of the obliqni ventrales. 1 n branchial segments of Teleostomi, 
where hypobranchial cranial muscles are not formed, i.e. 
first four of Lepidosteus, first three of Amia and Salmo, 
fourth of Acipenser, there is a similar downward and inward 
growth of the ventral ends of the branchial myotonies, to 
form the lower portions of the obliqui ventrales. 

The hinder part of the transversus ventralis LV of Polyp- 
terns and Amphibia, and of the transversus ventralis V 
of Ceratodus, comes into intimate relations with the ventral 
larynx, though in varying ways, underlying it in Amphibia 
and Ceratodus, forming a dilatator in Polypterus. 

The portions of the branchial myotonies next above the 
Anlagen of the hypobranchial cranial muscles form the 
Anlagen of the muscles of the external gills in the first 
three segments of Necturus and Triton, and the Mm. mar- 
ginales in the first three segments of Anuran larvm and the 
first foul' segments of Ceratodus. Homologous Anlagen form 
the upper portions of the obliqui ventrales in Teleostoman 
embryos—of the first four segments of Acipenser, Lepi- 
dostens, Amia, Salmo, .Polypterus (Pollard), and of the third 
and fourth segments of Polypterus sene gal ns; these may 
or may not unite with the lower portions. In some segments 
of Teleostomi, i.e. first three of Acipenser, fourth of Lepi¬ 
dosteus, Amia, and Salmo, adductors are formed from por¬ 
tions of the myotonies lying internal to the branchial bars; 
they are not developed in Polypterus. 

Ln Scyllium the portions of the branchial myotonies next 
above the Anlagen of the coraco-branchiales form adductors 
internal to the branchial bars, and the superficial con- 
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strictors, interbrauchials, and arcnales dorsales external to 
them. The lower ends of the superficial constrictors extend 
downwards external to the coraco-branchiales, but such down- 
growths do not appear to be homologous with the trans- 
versi ventrales or inferior portions of the obliqui ventrales 
of Teleostomi, Ceratodus, and Amphibia. 

In Sauropsida, rabbit, and pig embryos the portions of 
the branchial myotonies next above the Anlagen of the hvpo- 
branchial cranial muscles, and also the lower ends where these 
Anlagen are not formed, atrophy. 

Levatores arcunm branchialuin are developed from the 
upper ends of the branchial myotonies in Teleostomi, Cera- 
todus, and Amphibia, but are not developed in ScyIlium, 
Sauropsida, rabbit, and pig. r J"lie method of development of 
the trapezius — apparently a homologous muscle throughout 
these vertebrate groups—is intimately related to these differ¬ 
ences. It is developed in Teleostomi aud Amphibia from the 
fourth, in Ceratodus from the fifth, levator, i. e. from the 
penultimate or ultimate levator 1 ; whereas in Scyllium, 
Chrysemys, Gallus, and rabbit, it is formed from the upper 
ends of the branchial myotonies — five in Scyllium, four in 
Chrysemys, two in Gallus, and three in the rabbit. 

In view of the facts that in Scyllium the subspinalis and 
iuterbasales, developed from trnnk-myotomes, are attached 
to the pharyngo-branchials, and that the trapezius is inner¬ 
vated only by the Xltli—the most posterior of the vagus 
roots — even though a constituent from the glossopharyngeal 
(first branchial) segment takes part in its formation, it is 
probable that the absence of levatores and associated method 
of development of the trapezius in Scyllium, Sauropsida, and 
rabbit are secondary phenomena, and that the primary con¬ 
dition is a series of levatores formed from the uppermost 
portions of the branchial myotonies. This theory would also 
afford an explanation of the curious fact that whereas the 

1 In Teleostoman embryos the trapezius is developed from the upper 
edire of the levator, in Ceratodus and Amphibia from its external 
surface. 
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general development of the myotonies takes place from belore 
backwards, the separation of the upper ends of the branchial 
myotonies, their backward growth, and fusion to form a 
trapezius, in Scylliuin, Chrysemys, Gallns, mid Lepus, take 
place from behind forwards—the process beginning in the 
last branchial myotome. 

Adductors of the branchial bars are formed in Scyllium 
and in certain segments of some Teleostomi, on the inner 

Text-fio. 7b 



side of the branchial bars. The observations of Balfour 1 
showed that the primary situation of the muscles is one 
external to the bars, so that the non-development of adduc¬ 
tors in Amphibia, Oeratodns, and Polypterns would appear to 
represent a primitive condition. 

It may be added that the adductors of the branchial bars 
are not serially homologous with the adductor maudibnhe, 
which is formed external to the mandibular arch. 

1 * Comparative Embryology/ vol. ii. p. 171. 
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Tlie simplest and probably primary condition of the 
muscles developed between the leva tores above and the 
hypobranchial cranial muscles below is a series of Mm. 
marginales, as found in Amiran larva? and Ceratodns. In 
Teleostomi thes(‘ may unite with the (lateral halves of the) 
transversi ventrales. In Scy Ilium they undergo a quite 
special development, which is not found in any other group. 

The above comparisons suggest that the probable primitive 
condition of each of the branchial myotonies was, from 
above downwards, a levator, a M. marginales, an inter- 
arenalis ventrales, and (the lateral half of a) transversns 
ventral is. 

CE s oph a ge a 1, P h ary n gea 1, an d La ry n gea 1 Mnsc 1 es . 
—The term “pharynx” is employed by writers in two senses, 
either restricted in meaning to the branchial region of the 
alimentary canal, or including this and the next succeeding 
portion. In this paper it is used in the first sense. 

The oesophagus is surrounded by a circular muscle, the 
constrictor, which is derived from cells given off from the 
splanchnic layer of the ccelomic epithelium. 

No circular muscles are present in the branchial region of 
Selachii, Acipenser, and Ceratodns, but are present, in the 
form of transversi dorsales, in Teleostomi (Vetter), Amia 
(Allis), and Lepidostens (Wiedersheim), and are formed by 
the constrictor of the oesophagus extending forwards, 
dorsally, into the branchial region. In Polyp ter ns 
Senegal ns the fore part of the oesophageal constrictor 
slightly overlaps the branchial region dorsally, but the 
transversely directed fibres are not attached to any branchial 
bar. In Lepidostens and Amia 1 the conditions are com¬ 
plicated by the presence of a dorsal larynx. The dorsal 
larynx of Lepidosteus is formed, in 8 mm. embryos, as a 
solid median upgrowth from the then solid oesophagus just 
behind the branchial region. The oesophageal constrictor 
(constrictor pharyngis of Wiedersheim) is formed from cells 

1 The adult condition of the dorsal larynx and its musculature has 
been fully described by Wiedersheim. 
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given oft’ from the ecelomic epithelium ; it spreads upwards 
round the (esophagus and dorsal larynx, forming the con¬ 
strictor laryngis, and subsequently, in 9i mm. embryos, 
spreads forward to the branchial region and becomes attached 
to the os pharyngeum superior (of van Wijhe, the Pharyngeal- 
platte of Wiedersheim) forming the transversns dorsalis and 
first obliqnus dorsalis. The dilatator laryngis is formed from 
the dorsal part of the oesophageal constrictor (Text-fig. 32). 
The development of the retractor and protractor laryngis is 
described on pp. 238 and 2(37. 

The development of the dorsal larynx of Amia is similar to 
that of Lepidostens. The forward extension of the 
oesophageal constrictor begins in 84 min. embryos (Text-figs. 
30, 31, 32); it forms the transversns anterior and posterior 
and first obliqnus dorsalis (of Allis). In Sal mo f ari o the trans¬ 
verse fibres become attached to the fifth cerato-branchial, the 
fourth pharyngo- and epi-branehial and the third pharyngo- 
branchial. 

The ventral larynx and musculature of Polypterus have 
been described by Wiedersheim, who says that the muscles 
consist of a dilatator and sphincter glottidis, the latter of 
which is continuous below with a muscle-sheet surrounding 
the lungs. As stated above, the dilatator is the trans¬ 
versns ventralis IV. The sphincter glottidis is continuous 
above with the constrictor of the (esophagus, which is not 
attached laterally to the trunk muscles. 

The development of the ventral larynx of Ceratodns 
has been described by Kellicott, and the adult condition 
by Wiedersheim. It may be added that the posterior edge 
of transversns ventral is A" underlies the lung, and that, though 
there is no dorso-laryngeus (Wiedersheim), the lateral edges 
of the constrictor of the (esophagus are attached to the 
lower ends of the trunk-myotomes (Text-fig. 49). 

Tt was supposed by Gegenbaner, Wilder, Gdppert, and 
Druuer, that the eartilagines laryngei of Amphibia wen* 
branchial bars, and that the laryngeal muscles were deriva¬ 
tives of branchial muscles. Wilder stated that the dorso- 
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laryngei s. dorso-tracheales were serially homologous with 
the levatores arcnuni branchialinm (called by him “dorso- 
branchiales ”), that the laryngei were homologous with the 
trausversi veutrales (called by him “ pharyugo-branchiales ”), 
and that these muscles and the laryngeal cartilages belonged 
to the fifth branchial arch. 

This theory of the nature of the laryngeal muscles was 
formed on the evidence of adult anatomy only, without 
knowledge of the method of development. 

Wiedersheim stated that the fibro-cartilage present in 
association with the ventral larynx of Protopterus might be 
due to the remains of a sixth arch, Ci noch plansibler aber 
erscheint es mir die betreffenden Knorpel auf einen in der 
ltaphe des pharyngealen Constrictors sich abspielenden 
Chondrificationsproeess, das heisst anf Muskelwirknng 
zimickzufuhren ” ; also that “a priori steht der Annahme 
gewiss nichts in der Wege das sich anch bei Amphibien die 
primitive Cartilago lateralis als eine Sehnenverknorpelung 
bilden kann ohue das dabei phylogenetische Bezielmng zu 
den Kiemenbogen angenommen werden mussen. 3 ’ 

In Xecturns the larynx is formed as a median ventral 
pouch of the pharynx in the hinder part of the fourth 
branchial segment in 16 min. embryos (Text-figs. 56, 54). The 
cells which form the constrictor of the oesophagus are budded 
off from a thickened portion of the splanchnic ccelomic 
epithelium, and spread upwards round it (Text-fig. 54). A 
similar production of splanchnic mesoblast from a thickened 
portion of splanchnic c(elomic epithelium takes place 
in the fourth branchial segment (Text-fig. 52), and the 
cells spread upwards round the developing larynx and 
pharynx. In 14^ mm. embryos this splanchnic meso¬ 
derm spreads upwards on either side of the pharynx 
internal to the fourth levatores arcnum branchialinm, and 
forms the Anlagen of the dorso-laryngei and of the pharyn¬ 
geal constrictor (Text-fig. 56). The splanchnic mesoderm 
Tentral to the pharynx develops into the laryngei muscles, 
and, next the larynx, the laryngeal cartilages. 
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A similar development of the laryngeal muscles takes 
place in Triton and in Pana. 

If tlie method of development of the laryngeal muscles be 
compared with that of the branchial muscles it is seen that 
they are very different. The branchial muscles are developed 
from the branchial mvotoines, the laryngeal muscles are 
differentiations of an oesophageal or pharyngeal constrictor, 
which is formed from cells given off by the ccelomic epi¬ 
thelium \n Polypterus and Ceratodus the larynx is 
developed just behind the branchial region, in Amphibia in 
the last, i. e. fourth branchial, segment. In Polypterus the 
(esophageal constrictor is not attached to the trunk- 
invotomes; in Ceratodus it is attached, though no dorso- 
laryngei arc developed ; in Amphibia dorso-laryngei are 
developed. In Ceratodus there are no intrinsic laryngeal 
muscles ; in Polypterus there is a sphincter glottidis, which 
remains in continuity with the constrictor of the oesophagus; 
in Amphibia there are laryngei or a sphincter laryngis, 
which is not continuous with the constrictor of the pharynx. 
In Polypterus and Ceratodus there are no skeletal structures ; 
in Amphibia laryngeal cartilages are developed—later than 
the branchial bars and ventral, not lateral to the pharynx. 
These similarities and differences suggest that the conditions 
found in Polypterus and Ceratodus preserve stages in the 
phylogenetic development of the laryngeal structures of 
Amphibia. They tend to confirm the theory of Wiedersheim. 
The relations of the transversus ventralis of the last branchial 
segment (fourth in Polypterus and Amphibia, fifth in Cera¬ 
todus) to the laryngeal structures have been described above. 

In b min. embryos of Chrysemys the opening of the larynx 
is in the fourth branchial segment; the coelomic epitlielnm in 
the third and fourth branchial segments is thickened and 
proliferating mesoblast cells, which surround the pharynx 
and developing larynx. In 8 mm. embryos the opening of 
the larynx is in the third and fourth branchial segments; in 
the fourth a constrictor pharyngis is formed from the 
splanchnic mesoblast; in the third and fourth the Anlageu of 
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the sphincter laryngis and dilatator laryngis (Text-fig*. 69) are 
formed, the latter having a vertical position and passing np 
outside the vagus. The dilatator has lost this position in 
15 mm. embryos, and its hind end is attached to the cricoid. 
This supports the theory of Goppert that the dilatator 
laryngis of Sauropsida is the homologue of the dorso-laryn- 
geus, and the sphincter the homologue of the sphincter and 
larvngei of Amphibia. 

In 3 mm. embryos of the rabbit, cells are proliferated from 
the ccelomic epithelium in the three branchial segments 
(Text-fig. 80) ; they spread upwards internal to the branchial 
aortic arches. In 5 mm. embryos they have spread a little 
round the pharynx in the second and third branchial segments 
(Text-figs. 85, 86), but in the first they exist only lateral to 
it. In 6 mm. embryos the splanchnic mesoblast forms a con¬ 
tinuous sheet dorsal to the pharynx in the second and third 
segments, but in the first it is still only lateral to it. In 
7 mm. embryos it is present there also, more probably as a 
result of forward extension from the second branchial seer- 
ment than of upward extension in the first segment. This 
continuous splanchnic mesoderm sheet is continuous behind 
with that round the cesophagns (Text-fig. 90), which is 
formed in a similar way. 

The stylo-pharyngeus is formed in the splanchnic meso¬ 
blast of the first branchial segment; it is first visible in 
71 mm. embryos and gains an attachment to the hyoid bar 
(Text-fig. 93). The pharyngeal constrictor is also formed in 
the three branchial segments, though, perhaps, vide supra, 
derived from cells of the second and third segments only. 
The Anlage of the laryngeal muscles is also visible in 7 h mm. 
embryos in the third branchial segment. The later develop¬ 
ment of the laryngeal muscles, in man, has been traced by 
Frazer, who says that they are developed in the third bran¬ 
chial segment from the ventral part of the layer of cells 
round the pharynx and larynx; of this laryngeal portion 
ct the formation of the arytenoid seems to convert the dorsal 
hinder part into the crico-arytenoidens posticus, the upper 
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part into the arytenoidens, and the ventral part into the 
thyro-arytenoidens and lateral crico-arytenoid.” According 
to Goppert, the crico-arytenoidens posticus is the homologue 
of the dorso-laryngeus of Amphibia, the other intrinsic 
muscles representing the sphincter and laryngei dorsalis and 
ventralis of Amphibia. 


Text-fio. 72. 



Text-figs. 72, 72>.—Gallus, embryo four days. Text-fig. 72 through 
the first branchial. Text-fig. 7o through the second branchial 
segment. 

Frazer states that in man the thyroid cartilage is developed 
solely in the second branchial segment, i. e. it is the second 
branchial bar only, whereas in Echidna (Goppert) a third 
branchial bar is also formed. 

The crico-thyroideus, according to Frazer, is developed 
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from the second branchial pharyngeal constrictor; this con¬ 
firms the opinion of Furbringer. 

The pharyngeal musculature extends forwards into the 
mandibular segment in 13 mm. embryos (Text-fig. 94) ; in 
14 mm. embryos the anterior end becomes separated, formin 
the tensor palati, and in 1(3 mm. embryos the next succeedin 
portion forms the levator palati. 


Text-fig. 73. 



According to Futamura, as stated above, the Anlage of the 
palatal muscles of man is at first one with that of the tensor 
tympani, and is derived from the platysma faciei. I have 
failed in verifying this in the rabbit; the platysma faciei in 
that animal remains superficial, and the Anlage of the 
palatal muscles when first visible was quite distinct from 
that of the tensor tympani, which is cut off from the inner 
limb of mandibular myotome. 


aq aq 
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These phenomena afford an explanation of the innervation 
of the palatal muscles by the Xlth medullary. 

Muscles Derived from Trunk-Myotomes Passing to the 
Upper. Ends of the Branchial Bars. 

Vetter described a subspinalis and interarcuales muscles in 


Text-fio. 74. 



Selachii. Fiirbringer subsequently showed that the sub¬ 
spinalis and upper interarcuales (which he re-named “ inter- 
basales were innervated by the spino-occipital nerves, and 
he classed them together as “epibranchial spinal muscles. 5 ’ 
The lower interarcuales (second and third interarcuales of 
Vetter), he called “arcuales dorsales.” 

Observation of the development of these muscles confirms 
Fiirbringer’s theory of their nature. The subspinalis and 
1 Beevor and Horsley. 
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first, secondhand third 1 interbasales of Scvllium are developed 
in 23 mm. embryos from rlie first, second, third, and fourth 
spinal myotonies (Text-figs. 12, 13, 14), by growths from their 
ventral edges iuternal to the ganglia of the ninth and tenth 
nerves. 

A retractor arcinnn branchialium dorsalis is found in 
some Teleosteii (Vetter), e. g. Perea and Cypriuus, in Amia 
(Allis, Wiedersheim 2 ), and in Lepidosteus (Wiedersheim 2 ), 
but is not present in Polypterus (Pollard),or in Sal mo fario. 
In Amia the muscle, which is inserted into the third infrn- 
pharyngo-branchial, arises according to Allis from the third 
and fourth, according to Wiedersheim from the seventh and 
eighth, vertebral bodies. In Lepidosteus the muscle is 
inserted into the third iufrapharyngo-branchial, and arises 
from the lateral surface of the third aud fourth vertebral 
bodies (W iedersheim). The retractor was supposed by Allis 
and by Wiedersheim to belong to the system of the levatores 
arcu n m b ran eh ial i n m. 

The muscle is developed in Amia from downgrowths from 
the lower surface and lower part of the internal surface of the 
sixth to thirteenth trnnk-myotomes in 8^ mm. embryos (Text- 
fig. 33); these downgrowths form a longitudinal muscle, the 
anterior end of which grows forward to the third bar. Its 
development in Lepidosteus is similar, takiug* place, in 12 mm. 
embryos, from the third to ninth trunk-myotomes. 

Hypobkaxchial Spinal Muscles. 3 

In Scyllium. van Wijhe stated that the coraco-hyoideus 
was developed from ventral prolongations “ sowohl des liin- 
stersten Ivopfmyotomes als die der vorderen llumpfmyotome,” 
and that the coraco - branchiales and coraco- mandibularis 
were formed from the walls of the “ unpaaren vordereu 

1 The third interbasalis, developed in the embryo, is not described in 
the adult by Fiirbringer. 

2 Retractor laiyngis of Wiedersheim. 

3 This name is used in the sense stated above. 
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Verlangernng des Pericardimns.” Neal, in Squalas acan- 
tbias, found that the .Village of the hypoglossus musculature 
was formed from the fourth to the eighth post-otic myotonies 
by buds which separate and come to lie ventral to the 
branchial basket; they do not fuse into a common cell mass, 
but show their primary metamerism, the bud from the fourth 
myotome coming* to lie between the hyoid and mandibular 
cartilages and forming “in part the Anlage of the proper 
tongue muscles,” whilst “the four following myotomie buds 
come to lie between the hyoid and procoracoid.” 

I find that inScyIlium the initial stages of the development 
of the coraco-mandibularis and coraco-hyoideus are similar to 
those of Squalus acanthi as,as stated by Neal. This stage 
is completed in 16 mm. embryos, and is immediately followed 
by one (17 mm.), in which the hind end of the primitive 
genio-hyoidens, which does not become affixed to the hyoid 
bar, grows backwards along the median edge of the coraco- 
hyoideus towards the shoulder-girdle—forming the coraco- 
mandibularis (Text-figs. 11, 12, 16). 

The coraco-hyoideus of Sal mo salar (Harrison) is 
developed from ventral downgrowths of the second, third, 
and fourth trunk myotonies, which bend round the pharyngeal 
region, and form a longitudinal column, the anterior edge of 
which extends forwards to the hyoid bar. A similar develop¬ 
ment of the hypobrauchial spinal mnscles takes place in 
Acipenser, Lepidosteus, Amia, and Salmo, occurring in 8 mm., 
8 mm., 7 mm., and 5 mm. embryos respectively, and in each 
case from the second, third,and fourth trunk myotonies. In 
Sal mo fario and in Lepidosteus the forward growth of the 
anterior end reaches the hyoid bar only, so that only acoraco- 
hyoid is formed. In Acipenser and Amia it extends further, 
to the symphysis, reaching this in 81 mm. embryos of 
Acipenser (Text-figs. 2J, 22), and in 8 nun. embryos in Amia. 
The long column then divides at the level of the hyoid 
bar into an anterior and a posterior group—the genio-hyoid 1 


Braiiclno-ummlilmlaris of Vetter and Allis. 
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and coraco-hyoid. 1 The posterior end of the genio-hyoid grows 
backwards (Text-figs. 28, 29, 30), and becomes attached, in 
Acipenser to the third hypobranchial, and in Ainia by two 
tendons, to the second and third hypobranchials and to a 
median aponeurosis between the two coraco-hyoidei(Y-shaped 
tendon of Allis). 

In Polypterns,? species, Pollard described the hypobranchial 
spinal muscles as consisting of a branchio-niandibnlaris s. 
genio-byoideus extending from the symphysis of the lower 
jaw to the first basi-branehial, and of a coraco-liyoideus which 
had an additional tendon attached to the first cerato-branehial. 
Fiirbringer described the muscles as consisting of a coraco- 
mandibularis extending from the symphysis to the shoulder- 
girdle, and of a coraeo-hyoidens. 

In Polypterns Senegal ns (Text-figs. 35, 36, 37), the 
muscles consist of a genio-hyoideus and a coraeo-hyoidens ; 
the former extends from the symphysis backwards to the levet 
of the third branchial bar, where it ends by being attached to 
the third cerato-branchial and by a tendon which passes down¬ 
wards and is attached to a little median ossicle lying between 
the two coraco-hyoidei. The coraco-liyoideus extends from 
the cerato-hyal backwards to the shoulder-girdle, and has no 
tendon passing to the first cerato-branehial. 

(Ireil stated that the “ hypobranchial musculature ” of 
Ceratodus was developed from ventral dowugrowths of the 
third and fourth myotonies. He apparently included the 
eoraco-branchiales as well as the covaco-maudibuhiris and 
coraco-liyoideus under this head, as the first-named were not 
described as developing in the branchial region. It has been 
stated above (p. 234) that the coraco-brancliiales are developed 
from the lower ends of the branchial myotonies. The hypo¬ 
branchial spinal muscle Anlage spreads forwards (Text-fig. 39) 
reaching the anterior extremity of Meckel’s cartilage in 
stage 43. The portion in front of the hyoid bar separates 

1 Main portion of coraco-arcualis anterior (Vetter) in Acipenser; 
hyopeetoralis (McMurrich), sterno-hyoideus (Allis) in Amia ; the term 
used above is that of Fiirbringer. 
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from that behind, and its hind end grows backwards below 
the coraco-hyoideus (Text-figs. 45, 40, 47 ) to the shoulder- 
girdle, forming the coraco-mandibularis. The portion behind 
the hyoid bar forms the coraco-hyoideus ; in stage 6-3 it is 
partially separated into the coraco-hyoideus and abdomino- 
hyoideus of the adult, of which the latter is continuous with 
the trunk muscles behind the shoulder-girdle. 

In Necturns (Miss Platt) the hypobrauchial spinal muscles 
are developed from ventral downgrowths of the third, fourth, 
and fifth post-otic somites, joined by a few scattered cells 
from the second somite; the genio-hyoidens is formed from 
the third, the sterno-hyoidens from the fourth and fifth. 

In Triton there is a similar development from the third, 
fourth, and fifth trunk myotonies in 6 A min. embryos. 

The hypobrauchial spinal muscles of 11 ana are developed 
from downgrowths of the first and second trunk myotonies 
in 0 mm. embryos (Text-fig. 57), which bend round the bran¬ 
chial region, forming a longitudinal column which reaches 
the inferior labial cartilage in 8 mm. embryos. It divides 
opposite the third branchial bar into genio-hyoid and sterno¬ 
hyoid. 1 The front end of the former is attached to the 
inferior labial cartilage (Text-figs. 60, 62), and its hind end to 
the hypobrauchial plate as far back as the antero-posterior level 
of the third branchial bar. In 12 mm. embryos the internal 
portion of the genio-hyoid is proliferated from the median edge 
of the original muscle (Text-fig. 59). At metamorphosis the 
inferior labial cartilage forms the anterior end of the lower 
jaw, and the muscle so retains its primitive attachments. The 
front end of the sterno-hyoid becomes attached to the third 
cerato-branchial, and the muscle extends back to the dia¬ 
phragm. Towards metamorphosis the shoulder-girdle is 
developed and the sterno-hyoid becomes attached to it, and 
a little later the omo-hyoid is separated from its external 
edge. 

In Alytes, Bufo lentiginosus and Pelobates there is no 

1 Genio-hypobrnncliialis and diaphragmato-braiH-hialis medialis of 
Sclmltze. 
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proliferation of an internal portion of the genio-hyoid ; other¬ 
wise the condition in the larva? is the same. In Alytes the hind 
end of the genio-hyoid is attached to the third cerato-brauchial. 

In the rabbit the hypobranclnal spinal muscles are formed 
from downgrowths of the first three trunk myotonies m 
4 mm. embryos (Text-fig. 82). These have separated in 4| 
mm. embryos, and form a longitudinal column which extends 
forwards dorsal to the interhyoidens and intermandibularis, 
reaching the anterior extremity of Meckel’s cartilage in 
8 mm. embryos, and backwards, reaching the area of the 
anterior limb in 7 mm. embryos. In 13 mm. embryos it 
has divided into genio-hyoid and (primitive) sterno-hyoid, 
the adjacent ends of which are attached to the first branchial 
bar. In 17 mm. embryos the primitive sterno-hyoid has 
divided into the sterno-hyoid, sterno-thyroid, thyrohyoid, 
and omo-hvoid. The first trunk myotome, from which the 
most anterior of the downgrowths above mentioned takes 
place, atrophies in 71 mm. embryos, the second and third in 
b mm. embryos. 

The Homologies of the Hypobranclnal Spinal 
Muscles. — In Amphibia, Sanropsida, and rabbit, the Anlage 
of the liypu branchial spinal muscles divides into anterior and 
posterior portions—the genio-hyoid and sterno-hyoid. The 
former extends from the symphysis of the lower jaws to the 
basi-branchial or some branchial bar, the latter extending 
thence to the shoulder-girdle or sternum. The division takes 
place in the neighbourhood of the first branchial bar in 
Urodela. Sanropsida, and rabbit; in Amiran larva? it is at 
the level of the third branchial bar. 

In Scyllinm, Teleostoini, and Ceratodus, a similar division 
of the Anlage of the hypobranclnal spinal muscles takes place 
at the level of the hyoid bar; the hind end of the anterior 
portion, which does not gain any temporary insertion to the 
hyoid bar, then grows backwards ventral or ventro-lateral to 
the posterior portion (coraco-hyoideus) and becomes attached 
to the first (Polypterus, ? species, described by Pollard), or 
to the second and third (Amia), or third (Polypterus sene- 
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galus, Acipenser) branchial bar, or to the shoulder-girdle, 
forming a coraco-mandibnlaris (Scyllium, Ceratodus, Poly- 
pterus ? species, described by Fiirbriuger). 

The anterior attachment of the genio-hyoid and coraco- 
mandibnlaris is to the frout end of Meckel's cartilage except 
in Amiran larvm, where it is to the inferior labial cartilage. 
In Acanthias, where there is an inferior labial cartilage 
(Ganpp), the coraco-maudibularis is not attached to this but 
to Meckel's cartilage. In Callorrhynchus (Fiirbringer) there 
is a coraco-prasmandibiilaris developed, attached anteriorly to 
the inferior labial cartilage. 

Fiirbringer homologised the genio-hyoidens with the 
coraeo-niandibnlaris of Selachii, and supposed that the 
former was derived from the latter, by giving up its attach¬ 
ment to the shoulder-girdle, and gaining a new one to (more 
rostally lying) portions of the hyobranchial skeleton. Such 
a deduction was a legitimate one from the evidence of adult 
anatomy only, though the alternative was possible, and 
the embryologieal history of the muscles shows that it is 
this alternative which occurs; the condition in Teleostomi, 
Flasmobranehs, and Ceratodus is a secondary one. 

The method of development of the hypobranchhd spinal 
muscles in Scyllium lends additional interest to, and receives 
corroboration from, some anatomical facts described by Vetter 
and Fiirbringer. The degree of backward extension of the 
coraco-maudibularis towards the shoulder-girdle varies, even 
amongst the Selachii. Thus in Heptauchns and Scyllium it 
does not reach the coracoid, whereas in Lmniargns and 
Prionodon it does. Further, the coraco-maudibularis is not 
crossed by tendinous inscriptions, in this forming a marked 
contrast to the coraco-hyoideus, alongside of which it lies. 
The only possible exception to this among the forms depicted 
by Fiirbringer is Cestrastion, and this is probably an apparent 
one only; it is possible that the tendinous inscription really 
separates the coraco-hyoideus from the coraco-inanibularis, 
which only reaches the coracoid by its median edge. 
Similarly, according to Fiirbringer, there are three tendinous 
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inscriptions in the cerato-hyoidens of Ceratodus, whilst 
there is only one doubtful one in the coraco-mandibularis; 1 
in Protopterus there are two in the eoraco-liyoidens, none in 

Text-fig. 75. 



Text-fig. 73. 



VtAvfc .Ccov. 

Text-figs. 75-77. — Rabbit, embryo 3 mm. Text-fig. 75 is through 
the premamlibular Anlage, Text-fig. 73 through the mandibular 
segment, Text-fig. 77 through the hyoid segment. 


the coraco-mandibularis; in Polypterus ? species there are 
two in the coraco-hyoidens, none in the coraco-mandibularis. 

J It was not apparent in stage 33 (vide Text-fig. 45). 
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Again, there are two inscriptions in the coraco-hyoid of 
Ami a (Allis), and Acipenser (Vetter), none in the genio- 
hyoid. 

The non-development of a genio-hyoid, even as an atrophy¬ 
ing Aulage, in Lepidostens and Sal mo would appear, on 
comparison with other forms, to be a secondary condition. 

The developmental history of the hypobranchial spinal 
muscles suggests that their Anlage was primitively an 
undivided column, extending forward to the symphysis of 


Text-fig. 77. 



the jaws, an anterior prolongation of the rectus system of the 
trunk into the head segments. This divided into genio¬ 
hyoid and coraco-hyoid. In fishes the genio-hyoid secon¬ 
darily extended backwards, overlapping the coraco-hyoid in 
varying degrees. 

The Anlage of the hypobranchial spinal muscles is formed 
from downgrowths of several — two or more — trunk 
myotonies, that from the foremost myotome taking part in 
its formation extending furthest forward, that from the next 
succeeding it, and so on. There is a certain correlation 
between the number of trunk myotonies taking part in the 
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formation of the hypobranehial spinal muscles and the 
number of trunk-segments inclnded in tlie skull (vide table, 
p. 209). In general, the less the number of trunk-segments 
included in the skull, the greater tendency there is for 
the most anterior trunk myotonies to take part in the 
formation of the hypobranehial spinal muscles, and the less 
the number of anterior trunk myotonies atrophying without 
taking part in their formation. The table also shows that 
the hypobranehial spinal muscles are derived from a variable 
number of trunk mvotomes. The number varies from two 
(liana) to five (Scyllium). Derivation from the smallest 
number is probably the most primitive condition. The number 
does not vary with that of the trunk-segments included in 
the skull, nor with the number of head-segments. 


Lingual Muscles. 

The researches of Gegenbanr and Ivallius in Salamandrina 
have shown that the genio-glossns is developed from the 
genio-hyoidens and the steruo-glossus from the sterno- 
hyoideus ; the former ends between the lingual glands which 
form the fore part of the tongue, and is “ also ein Drtisen 
Muskel” (Gegenbanr) ; the latter becomes attached to a plate 
of dense connective tissue which probably develops at the site 
of fusion of the primitive tongue with the glandular portion. 
Kallius has also shown that in the Anura the genio- and hyo- 
glossus are developed from the genio-hyoid. The genio- 
glossns grows towards the snbsecpiently glandular, preeopular 
field, and later, the hyo-glossus fibres cross those of the 
genio-glossns. 

To this may be added that in Itana the genio- and hyo- 
glossus are developed from the inner division of the genio¬ 
hyoid, which (vide p. 270) is proliferated from the inner side 
of the primitive muscle. 

In 27 mm. larva} of Alytes the genio-glossus ends free 
beneath the mucous membrane of the preeopular field, and 
the hyo-glossus passes forward at first below aud then lateral 
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to the long* forward projecting basihyal (Text-fig*. Goj, and 
is attached to it near its anterior end. In larvae of Bufo, 
Bana, and Pelobates the hyo-glossus is not attached to the 
r u d i m e n t a ry b asi hya 1. 

The development of the lingual muscles of La cert a 
mural is has also been investigated by Kallins. The develop¬ 
ment of the lingual muscles in other groups of Sauropsida 
(loc. cit.) showed that the primitive condition of the lingual 
muscles is a genio- and hyo-glossus, both developed from 


Text-fig. 71S. 



the genio-hyoid, attached to the long basihyal, the former 
to its front end, the latter to its side; and that extension 
into the tongue is a secondary phenomenon. 

The condition of the hyo-glossus of Alytes is of interest 
when considered in relation to that of the lingual muscles of 
Sauropsida. Gegenbaur was of opinion that “die Mtisku- 
larisirnng scheint vorwieorend im Dienste der Drusen zu 
stehen.” An alternative hypothesis suggested by the con¬ 
dition in Alytes larva) would be that the condition in Saurop- 
sida is the primary one, and that their functions as glandular 
muscles in Amphibia is correlated with the absence (e.g. 
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Text-fig. 73. 



Rabbit embryo 3^ mm. The upper part of the .section is posterior 
to the lower. 


Text-fig. so. 



Rabbit, embryo 3^ mm. The right side of the section is a little 
anterior to the left, which passes through the second branchial 
myotome. 
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Triton) or rudimentary condition (e.g. Pana, Pelobates, 
Bnfo) of the basihyal. 

In the rabbit the Anlagen of the lingual muscles are formed 
from the anterior part of the Anlage of the hypobranchial 
spinal muscles, i.e.from the future genio-hyoid, in 0 mm. 
embryos, that of the genio-glossus and lingnalis by upward 
growth, that of the hyo-glossus and stylo-glossus by an oiit- 

Text-fig. 81. 



Text-figs. 81-83.—Rabbit, embryo 4 mm. Text fig. 81 is through 
the hyoid segment. Text-fig. 82 through tlie fourth gill-cleft, 
Text-fig. 83 through the third branchial gill-cleft. 

growth directed upwards and laterally (Text-fig. 91). In Id 
mm. embryos these muscles have separated from the genio¬ 
hyoid, and become distinct (Text-figs. 91, 95). 

Some Phylogenetic Considerations. 

The probable phylogenetic relationships of the various 
Vertebrate groups are determined by the total morphological 
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Text-fig. 82. 
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Text-fig. 83. 
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evidence available. The cranial muscles form one item only 
of such evidence, but it is of interest to inquire how far their 
morphology falls in with generally received opinion, and in 
what direction it points in cases where opinions vary. 

Such an inquiry is beset by the difficulties which arise 
from — (a) secondary innervation of muscles; (b) develop¬ 
ment of similar changes in various groups; (c) atrophy, and 
non-development of muscles. 

(a) Comparison of the development and innervation of the 
cranial muscles shows that although, in general, a muscle is 
innervated by the nerve corresponding to its segment of 
origin, yet this is not invariably the case. Thus : 

(1) The posterior part of the intermandibularis of Triton 
is innervated by the VIJth (Driiner). 1 

(2) The intermandibularis of Selachians is, in part, e.g. 
Scyllium (Vetter), or wholly, e.g. Acanthias (Vetter), inner¬ 
vated by tlie Vllth. 

(3) The intermandibularis anterior and posterior (the latter 
called inferior genio-hyoid ” by Allis) of Ami a are innervated 
by both the Vth and Vllth (Allis). 

(4) The hyo-maxillaris of Teleostomi, developed in the 
hyoid segment, is in some, e.g. Menidia (Herrick), wholly in¬ 
nervated by the Vllth; whereas in others, e.g. Esox (Vetter), 
Sal mo, its hinder part is innervated by the Vllth and its fore 
part by the Vth : and in Amia (Allis) it is innervated by the 
Vth and Vllth. 

(5) The anterior digastric of man, pig (Fntamura), and 
rabbit, developed in the hyoid segment, is innervated by the 
Vth. 

(6) The cerato-hyoidens externus of Urodela, developed in 
the hyoid segment, is innervated either by the Vllth, e.g. 
Necturus (Miss Platt), or by the IXth, e.g. Triton (Driiner). 

(7) The interarcuales ventrales of Urodela are innervated 
both by the nerves corresponding to their segments of origin 
and also by those of the next anterior segments (Driiner). 

(8) In some Teleostomi, e.g. Polypterus senegalus, 

1 Roman numerals denote cranial nerves. 


MORPHOLOGY OF OR AXIAL MUSCLES IX SOME VERTEBRATES. 281 


Esox (Vetter), Meuidia (Herrick), Amia (Allis), Lepidosteus’ 
the only coraco-branchialis present, developed from the most 
posterior branchial segment (fourth or fifth), is innervated by 
the Xth ; whereas in others, e. g. Amieurns (Wright), Salmo 
(Harrison), it is innervated by the spino-occipital nerves. 

(9) The coraco-branchiales of Acipenser, Ceratodus, and 
Scyllinm, developed in branchial segments, are innervated 
by spino-occipital nerves (Vetter, Furbringer). The spino- 
occipital nerves also innervate the four coraco-branchiales of 
Polvpterns (?) species, described by Furbringer. 

(10) The capito-dorso-clavicularis of Lacerta agilis, 
developed from the primitive trapezius, i.e. from branchial 
segments, is innervated by spinal nerves (Furbringer). 

(11) The cucnllaris, i.e. trapezius, of Gallus, developed 
from branchial segments, is innervated both by the Xlth 
and by spinal nerves (Fiirbringer). 

(12) The trapezius and sterno-mastoid of the rabbit, 
developed from branchial segments, is innervated both by 
the Xlth and by spinal nerves. 

(13) 'Hie retractor arcumn branchialinm dorsalis of Amia 
and Lepidosteus, developed from trunk myotonies, is inner¬ 
vated by the Xth (Allis, Wiedersheim). 

(14) The hinder part of the hypobranchial spinal muscles 
of the rabbit, which are developed from the first three spinal 
myotonies, are innervated by more posterior spinal nerves. 

(15) The interarcnalis ventralis I, i. e. branchio-hyoideus 
or branchio-mandibularis of Sanropsida, is innervated b\ r the 
Xllth. 

Furbringer held that “ Die Inuervirung der Muskeln 
dnrch bestimmte Xerven ist das wichstigte Moment fur die 
Vergleichung.” In criticism of this theory, Cunningham 
gave instances from the myology of the trunk and limbs in 
which this criterion failed, and concluded that the nerve 
supply is “ not an infallible guide ” for determination of the 
homology of a muscle. The above-cited observations show 
that developmental phenomena should be taken into con¬ 
sideration. 
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The first fourteen of the phenomena recorded appear to be 
referable to a common cause; if a muscle spreads into one or 
more neighbouring* segments, that portion tends to be inner¬ 
vated by the corresponding nerve or nerves. The backward 
extension of the origin of the XIth appears to be referable 
to the same cause. 

It is not yet known what happens within the central 
nervous system—whether there is a corresponding migration 
of motor neuroblasts or whether new ones are locally formed. 

The cause of the phenomenon cited under (15) above is 
much more obscure. The muscle is the interarcualis ven- 
tralis of the first branchial segment, and is homologous with 
the similarly developed muscle of Amphibia, some Teleos- 
tomi, and some Mammalia, and yet, unlike them, it is inner¬ 
vated by spino-occipital nerves and not by the IXtli, just as 
if it were a coraco-branchialis I. 

(b) The possibility of the independent development of 
similar secondary changes in the various groups arises in the 
case of the hypobranchial spinal muscles, the hypobranchial 
cranial muscles, the levatores arcunm branchialinm, and 
trapezius, the hyoid bar and related muscles, the adductor 
mandibula?. 

In Ceratodus and in Scyllintn the hind end of the genio¬ 
hyoid secondarily extends backwards to the shoulder-girdle. 
The question arises whether this feature is inherited from a 
common ancestor or whether it has been independently 
acquired. In favour of the second view are the facts that 
within the group of the Teleostomi all conditions exist 
between that of a, genio-hyoid which has slightly extended 
backwards and a, coraco-mandibularis. 

A similar question arises in regard to the formation of 
coraco-branchiales in Ceratodus and Scyllimn. Again, within 
the group of the Teleostomi all variations exist between inter- 
arcua.les vent rales and their homologues, coraco-branchiales. 

These secondary modifications in the hypobranchial-spinal 
and hypobranchial-cranial muscles appear to be morpho¬ 
logical expressions of an increased need of tying the 
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mandibulo-hyo-branchial skeleton to the shoulder-girdle, 
and the change of function of the latter group of muscles to 
one similar to that of the former tends to bring* about a 
secondary innervation from spinal nerves. 

A similar question arises in connection with the presence 
and absence of levatores arcuum branchialiuin. Tt has been 
suggested above that their absence and the related method 
of formation of the trapezius are secondary phenomena 

Text-fig. 84. 
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(p. 257). If so, it is possible that this has been indepen¬ 
dently acquired in Scyllium, Sauropsida, and rabbit. 

In Scyllium and the Teleostomi a stage of development 
occurs in which there is a short hyoid bar like that of 
Amphibia with a levator hyoidei, which is succeeded by one 
in which the bar extends up to the periotic capsule. The 
relationship of the muscles and of the facial nerve to the 
later formed portion of the bar are so different in Scyllium 
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and Teleostomi that possibly the only common feature is the 
above-mentioned first stage. In Ceratodus, Sauropsida, and 
rabbit the hyoid myotome is external to the upper part of the 
hyoid bar, as in Scyllium. 

In Sauropsida and certain Teleostomi the adductor man- 
dibuke divides into internal and external portions, but in 
Teleostomi there is no uniform upgrowth of the external 

Text-fig. 85. 



portion to the skull as in Sauropsida. Both division and 
upgrowth have been independent occurrences in these two 
phyla. 

c. Amongst the animals investigated there are but few in 
which muscle-Anlagen are developed and then atrophy. The 
Mm. marginales and interarcuales ventrales of the larva of 
liana, certain muscles of metamorphosing Urodela described 
by Driiner, the levator maxilkc superioris of Chelone and 
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Alligator, ancl the genio-byoid of Gallus, were the only ones 
found. Otherwise if a muscle is not present in the adult it 
is not formed during development. 

There are certain instances in which comparative evidence 
suggests that ancestors probably possessed muscles which are 
now no longer developed, even as Anlagen. Such are the 
genio-byoid of Lepidosteus and Sal mo, certain Mm. trans- 
versi ventrales in Amphibia and Teleostomi, the first two 
obliqui ventrales in Polypterus senegalus, thehyo-maxil- 
hiris in Selachii and Sauropsida, the levatores arcuum branchia- 
lium in Selachii, Sauropsida, and Mammalia. 

Consideration of the changes which take place in the 
Anlagen of the cranial muscles in the various Vertebrate 
groups suggests that the most important are those occurring 
in the myotome of the mandibular segment. In Amphibia 
and Ceratodus it does not, whilst in Teleostomi, Selachii, and 
Sauropsida it does divide into parts above and below the 
palato-pterygoid or pterygoid process of the quadrate. It 
has been stated above that the embryological phenomena 
support the view that the second condition has been derived 
from the first. In the rabbit the quadrate (incus) lias no 
pterygoid process, and the myotome—as in Amphibia and 
Ceratodus—does not divide into upper and lower parts. 

Changes take place in the Anuran tadpole, in the form of 
the pahito-quadrate bar and in certain muscles in association 
with the development of a suctorial mouth, i.e. the back¬ 
ward elongation of the mandibular muscles, the development 
of a submentalis and mandibulodabialis, the origin of the 
orbito-hyoideus, or of this and the suspensorio-hyoideus, and 
the partial origin of the first branchial levator from the 
palato-quadrate bar, the division of the liyo-maxillaris and 
attachment of one or two of its parts to the palato-quadrate 
bar. As the condition before these events takes place is 
very like that of an embryo of Ceratodus or an Urodelan, 
it would appear probable that the changes are secondary 
larval ones and not ancestral. 1 

1 The difficult question as to the origin and nature of the larval 
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On the other hand, the existence of a hyo-maxillaris and of 
Mm. marginales, the insertion of the orbito-hyoideus or of 
this and the suspensorio-hyoideus to the cerato-hyal, and the 
origin of the trapezius from the skull, are primitive features 
which are not developed or soon modified in Urodelan 
development. 

In the Urodela the insertion of the levator hyoidei is 
transferred, wholly or partially, from the hyoid bar to 
Meckel's cartillage early in development, and the hyo- 
maxillaris Anlage forms a ligament. The development of 
gill-muscles from Anlagen which are homologous with those 
which give rise to the Mm. marginales of Anuran larva? and 
Ceratodus, and of a cerato-hyoideus externus, are features 
peculiar to Urodela. 

Ceratodus resembles Selachii and some Teleostomi, and 
differs from Amphibia in the backward growth of the genio¬ 
hyoid to the shoulder-girdle, and in the formation of coraco- 
branchiales. Ceratodus resembles Selachii and Teleostoman 
embryos, and differs from Amphibia in the backward growth 
of both hyoid myotome and iuterhyoideus, resulting in the 
formation of a continuous dorso-ventral sheet, C 2 vd, behind 
the hyoid bar. Ceratodus resembles Teleostomi and Amphi¬ 
bia, and differs from Selachii in the formation of levatores 
arcuum brauchialium and in the development of the trapezius 
from a levator. Ceratodus resembles Amphibia, and differs 
from Selachii and Teleostomi in the non-division of the 
mandibular myotome into upper and lower portions. Cera¬ 
todus resembles Anuran larva? in the simple condition of the 
Mm. marginales,and Urodela in the ligamentous condition of 
the hyo-maxillaris. 

According to K. Fiirbringer, “Wenn wir somit keine 
bestimmte Ordnung der Amphibia von den Dipnoern 
ableiten konnen, so ergiebt sich darans kein Em wand 
gegen eine Abstammung von den Dipnoern iiber- 

condition of the suctorial mouth and jaws in Amiran larvae was 
discussed by Balfour and by Gaupp, though without reference to the 
muscles. 
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liaupt. . . . 55 The development,however,iu Ceratodus,of 

a coraco-mandibnlaris, of coraco-branchiales, of a hyoman- 
dibula, and of a dorso-ventral sheet C 3 vd behind the hyoid 
bar, are all secondary to more primitive conditions present in 
Amphibia. 

Goodrich was of opinion that “the Dipnoi are probably a 
specialised offshoot from the Teleostoman stem which 


Text-fig. S8. 



acquired an autostylic structure before the hyomandibula 
had become very large and before the hyostylism had become 
fully established.” The non-division of the mandibular 
myotome and the persistence of the dorso-ventral sheet 
Covd are, however, more primitive features than exist in 
Teleostomi; and in the embryo of Ceratodns there is 
a hyomandibula, the relations of which are different from 
those occurring in Teleostomi. 
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Graham Kerr's opinion was that “the Teleostomes the 
Dipnoans and the Amphibians have arisen in phylogeny from 
a common stem . . . 

lvellicott's statements that “ the resemblances in the 
vascular system between Ceratodus (the most primitive of the 
living- Dipnoi) and the Amphibia, especially Urodela, are 
numerous and fundamental and cannot be explained as 
parallelisms/' and that “most of the Elasmobranch 
characters are parallelisms, some of them actually being- 
preceded by Amphibian conditions (e.g. the carotid arteries) ;; 
are also true of the cranial muscles. 

Consideration of the common features in the cranial 
muscles of Teleostoinan embryos leads to the probability that 
some remote ancestors possessed—a mandibular myotome 
divided into upper and lower parts 1 ; a levator hyoidei, which, 
owing to the upgrowth of the hyoid bar to the periotic 
capsule, was inserted into the inner or posterior surface of a 
hyomaudibula; a dorso-ventral sheet in the opercular fold, 
divided into a M. opercularis and a constrictor operculi; a 
series of levatores arenum branchialium; a trapezius developed 
from the fourth levator; a series of Mm. marginales not fused 
with the transversi ventrales; a series of hypobrauchial- 
cranial muscles consisting of interarcuales ventrales and of a 
coraco - branchialis attached to the last branchial bar; 
hypobranchial-spinal muscles, consisting- of a coraco-hyoidens, 
and of a genio-hyoid, the hind end of which had grown back 
to some more posterior branchial bar overlapping the coraco- 
hyoideus. 

All these features, with five exceptions, may be supposed 
to have characterised primitive Amphibia ; and these excep¬ 
tions, viz. division of the mandibular myotome, formation of 
a M. opercularis, and of a coraco-branchialis, backward 
growth of the genio-hyoid, upward extension of the hyoid 

1 On the supposition that tlie protractor hj-omandibularis of Aci- 
penser is a case of atavism in its non-division into levator arcus 
palatius and dilatator operculi, this division of the levator maxillae 
superioris would have once characterised the whole group. 
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Text-pig. 80 . 
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bar to the periotic capsule—are, as shown by their develop¬ 
ment, modifications of more primitive features existing in 
Amphibia. 

These phenomena may be considered as additional argu¬ 
ments in favour of tlie theory of a descent of Teleostei, as 
advocated by Assheton, from a proto-amphibian stock ; and 
of Teleostomi in general, as advocated by Graham Kerr, from 
a stem common to the Teleostomi, Dipnoi, and Amphibia. 

In the condition of the cranial muscles Teleostei do not 
show any closer resemblances to Amphibia than do other 
groups of the Teleostomi. 

The curious fact that the trapezius is developed from the 
fourth levator arcuum branchialium in Acipenser, Lepidosteus, 
Amia, and Salmo, though there are five branchial segments, 
suggests that ancestors of the Teleostomi may have had, like 
Amphibia, only four branchial segments, and that an increase 
to five took place within the group. 

In the possession of only four branchial segments, of 
interarcnales ventrales I, II, and III, of oblicpiii ventrales 
not fused with transversi ventrales, and of very primitive 
laryngeal muscles, Polyp ter us Senegal us shows closer 
resemblances to Amphibia than do the other Teleostomi 
examined. 

The main characteristics of the cranial muscles of Selachii 
are: (1) Division of the mandibular myotome into levator 
maxillae superioris and adductor mandibular ; (2) great 
backward extension of the intermandibularis below the 
interhyoideus ; (3) non-formation of an opercular fold; 

(4) upgrowth of the hyoid bar internal to the hyoid myotome, 
which, originally forming a levator hyoidei, becomes inserted 
into its external surface ( hyomandibula, or this and 
ceratohyal ); (5) non-formation of a hyo-maxillaris ; (6) 

extension backwards of hyoid myotome and interhyoideus 
forming a dorso-ventral sheet C 3 vd behind the hyoid bar, 
though not in an opercular fold ; (7) non-formation of 

levatores arcuum branchialum; (8) formation of a trapezius 
from the upper ends of all the branchial myotonies; (9) 
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formation of subspinalis and iuterbasales from anterior trunk 
m vo tomes • (10) formation of coraco-brancliiales; (11) 

formation of adductors from the portions of the branchial 
myotonies which lie internal to the branchial bars; (12) 
formation of arcuales dorsales, interbrancliials, and superficial 
constrictors from the portions of the branchial myotonies 
which lie external to the branchial bars; (13) non-formation 
of transversi ventrales; (14) extension backward of the 

genio-hyoid, forming a coraco-mandibnlaris. Of these 
features, (3) (9) and (12) occur in Selachii and them only. 

The great development of the branchial musculature, 
external to the branchial bars, is correlated with the absence, 
probably the loss, even in developmental stages, of an 
opercular fold. It is of interest to note that in Chimera 
(Vetter) (1) a hyo-maxillaris (hyoidens inferior) is present; 
(2) the dorso-ventral sheet C 3 vd is situated in an opercular 
fold; (3) the branchial musculature, external to the bars, 
consists of simple vertical muscles (“interbranchials” of 
Vetter), which are similar to the "Mm. marginales of Amiran 
larva? and Ceratodns, and to the dorsal portions of the obliqui 
ventrales of Teleostomi. 

According to Graham Kerr, “the Teleostomes, the 
Dipnoans, and the Amphibians have probably arisen in 
phylogeny from a common stem, which would in turn 
probably have diverged from the ancestral Selachian stock.” 
Furbringer’s theories in regard to the hypobranchial muscles 
and the neocranium, and Rage’s respecting the facial 
muscles, are also based on a similar theory. 

Consideration of the morphology of the cranial muscles 
leads to some doubt on this question. The embryology of 
each group of cranial muscles, mandibular, hyoid, branchial, 
hvpobranchin.l-cranial, and hypobranchial-spinal, suggests 
that the conditions found in Selachii are secondary to those 
which may be supposed to have characterised Amphibian 
ancestors—are modifications of a proto-amphibian type. 
Certain of these modifications occur in other groups also: thus 
division of the mandibular myotome into upper and lower 
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parts also occurs in Teleostomi and Sauropsida; backward 
extension of both hyoid myotome and interhyoideus to form 
a dorso-ventral slieet also occurs in Ceratodus and Teleo¬ 
stomi (though in these,, in an opercular fold) formation of 


Text-fig. 91. 



Text-figs. 91-93.—Rabbit, embryo 9 mm.; Text-fig. 91 through 
the mandibular segment, Text-figs. 92 and 93 through the 
hyoid segment. 

coraco-branchiales and of a coraco-mandibularis also occurs 
in Ceratodus and some Teleostomi; non-formation of levatores 
arcuum branchialium, aud the associated method of develop¬ 
ment of the trapezius occurs in Sauropsida and rabbit. 
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The significance of such resemblances from a phylogenetic 
point of view is doubtful, though probably the first two 
named are by far the most important. 

The ancestry of Mammals has been the subject of inquiry 
and speculation for many years. Two theories have been 


Text-fig. 02. 



held—one, tlint Mammals are descended from Sauropsida, 
the other, that they are descended from Amphibia. 

As regards the cranial muscles, Mammals resemble 
Amphibia, and differ from Sauropsida in the following 
particulars: non-division of the mandibular myotome into 
dorsal and ventral parts, formation of a hyo-maxillaris 
(anterior digastric), non-formation of a dorso-ventra! sheet 
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Gbvd in the liyoid segment, innervation of the interarcualis 
ventralis I (branchio-hyoideus) by the IXth. 

On the other hand, Mammals resemble Sauropsida, and 
differ from Amphibia, in the non-formation of levatores 
arcuiun branchialium, and the associated development of the 


Text-fio. Bo. 



trapezius from the upper ends of all the branchial myotonies, 
disappearance of the branchial myotonies (after formation of 
trapezius and interarcnales ventrales from their upper and 
lower ends), non-formation of transversi ventrales. 

It has been suggested above in discussing individual groups 
of muscles that all the first-named features are primary ones, 
and that all the second-named features are secondary 
phenomena. It is possible that secondary features may have 

VOL. 50, PART 2. -NEW SERIES. 21 
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been independently acquired; thus the absence of levatores 
arcmim branchialium and method of formation of the 
trapezius also occurs in Selachii. The morphology of the 
cranial muscles is thus in favour of an Amphibian ancestry of 
Mammals. In the attachment of the posterior digastric to 
the hyoid bar, and not to the lower jaw, some Mammals 


Text-ftg. 04. 



present a more primitive feature than is found in any adult 
Amphibia. A descent from a proto-amphibian stock is thus 
suggested. 

The ancestry of Sanropsida has been the subject of but 
few speculations. Flirbringer was of opinion that “Die 
strepto-sfcylen Pro-repti!ia aber haben sicli neben den strepto- 
stylen Pro-mammalia anf tiefer stehenden streptostylen 
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Thieren entwickelt welclie im Grade ihrer Ausbildung 
amphibienartige Thiere gleichznsetzen sind. . . Graham 
Kerr’s opinion was that “the ancestors of the Ainniota 
probably diverged about one or several points from the 
region of the stem common to Dipnoi and Amphibia.” 

As regards the cranial muscles, the differences between 


Text-fig. 9A. 



Sauropsida and Amphibia have been mentioned above. In 
the division of the mandibular myotome into upper and 
lower portions, and in the formation of a ventro-dorsal sheet, 
C 2 vd, in the hyoid segment, Sauropsida resemble Selachii and 
Teleostomi, and also as regards C 2 vd, Dipnoi. The shifting 
of insertion of the levator liyoidei from cerato-hyal to 
Meckel’s cartilage and the morphologically primitive con¬ 
dition of the liypobranchial spinal muscles are common to 
both Sauropsida and Amphibia. 
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Ox Furbringer’s Theory op the Skull. 

It is of interest to inquire whether the above suggestions 
ns to the phytogeny of various groups of Vertebrates receive 
any support from the morphology of the skull. 

According to Fiirbringer’s theory the portion of the cranium 
in front of the exit of the vagus is the original cranium—the 
palmocranium. The neocraniuin lias been formed bv the 
addition of spinal skeletal elements, which originally were 
free. This took place in several stages ; in the first a, proto- 
metamer neocranium is formed—present in Selachii and 
Amphibia. The union of further additional elements brings 
about the anximetamer condition of the neocranium, found in 
higher fishes and Amniota. 

The added spinal nerves—spino-occipital nerves—can be 
divided into two categories, the “occipital,” brought in with 
the protometamer neocranium, and the “ occipito-spinal,” 
additionally added with the anximetamer neocranium. The 
varying number of spino-occipital nerves is due to the varying 
position of the cranio-vertebral junction. 

The assimilated occipital nerves are indicated by the 
terminal letters of the alphabet, the assimilated occipito- 
spinal nerves by the initial letters. Their corresponding 
myotonies are given corresponding (larger) letters. By this 
method it is possible to express either or both of two possi¬ 
bilities—the reduction of more anterior or the addition of 
more posterior nerves. 

The following table, which is taken mostly from (laupp, 
shows the results of the investigation of various vertebrates, 
and a column has been added showing the number of 
myotomes taking part in the formation of the hypo- 
branchial muscles. 

A spinal segment is typically indicated by a somite or 
myotome, anterior nerve root, and posterior nerve root. The 
researches of Furbringer and other observers have shown that 
as segments are assimilated their nerve roots tend either not 
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No. Ilf 
trunk 
segments 
taken up 
into the 
skull. 


Nature of 
neocranimn 
according to 
Furbringer’s 
theory. 


Taking part in the 
formation of hypo- 
branchial spinal 
muscles. 


Anura — 

Pelobates (Sewortzoff) . 
Rana (Miss Elliott; 

U rodela — 

Sirodon (Sewertzoff) 
Nccturus (Miss Platt) . 


Triton .... 

I lipnoi-— 

Ceratodus (Iv. Furbringer) 

Protopterus (Agar) 

Lepidosiren (Agar) 

Mammals— 

| Sheep, call' (Froriep) 

| Rabbit .... 

Re) >t ilia— 

Asealobates (Sewertzoff') 
Laeerta (Hoffman) 

Laeerta (Chiarugi and v 
Beinmelen). 

Birds — 

Tinniincnlus (Susehkin) 

Gall us .... 

Teleostomi — 

Anna (Schreiner) . 

Salmo salar ("\\ ilcox) 

Trutta fario (Wilcox) 
Lepidosteiis (Schreiner) 
Acipenser (Sewertzoff i . 
Selachii (Gauppi — 

Squalus acanthias . 

ScyIlium canicula . 


3 Protometamer 
3 


A 


5 Anximetamer 

(Gaupp) 

‘A Protometamer 

(Agar) 

'A Ditto 


‘A Anximetamer 


4 


4 

4 


4 


Protometamer 


1st, 2nd. 


2nd (few cells), 
3rd, 4th, 5th 
(Miss Platt). 


2nd 3rd (Greil). 

2nd, 3rd, 4th 
(Afjai-). 

2nd,3rd, 4th 
(Agar). 


1st, 2nd, 3rd. 


2nd, 3rd, 4th, 5th 
(Hoffman) 


1st (few cells), 
2nd,3rd,4th, 5th. 

2nd,3rd, 4th. 
2nd, 3rd, 4th 
(Harrison). 

2nd, 3rd, 4th. 
2nd, 3rd, 4th. 

4th, 5th, 6th, 7th, 
Sth (Neal). 
4th, 5th, 6th, 7th, 
Sth. 


to be developed, or after development to atrophy, and that 
this takes place from before backwards. The non-develop¬ 
ment or atrophy affects dorsal more readily than ventral 
roots. Reduction, i.e. atrophy after development, of somites 
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or myotonies comes last. This general rule leads to hesitation 
in accepting the existence of anterior nerve roots without 
corresponding somites or myotonies as evidence of assimi¬ 
lated segments, e.g. deductions from the observations of 
Chiarngi and Martin in Mammals. 

The theory of Fiirbringer is based on the probability of the 
primitive nature of the conditions found in Selachians. But 
from the foregoing table of the observed number of assimi¬ 
lated spinal segments in various A^ertebrates it would appear 
that the descriptive adjectives applied to some neocrania are 
not deserved. As determinated by the number of assimilated 
spinal segments the Amphibian neocranium is shorter than 
that of Selachians. It was therefore maintained that the 
occipital region of Amphibians corresponds to amultiplnm of 
spinal segments. The difficulty of doing so is emphasised by 
the absence of any direct evidence in its favour. If the 
muscles of the head in Amphibians and Selachians be com¬ 
pared it is clear that the condition in the former is far more 
primitive than in the latter, and that many cranial muscles 
of ScyIlium pass through what may be regarded as an 
Amphibian stage during development; and if the observed 
facts in regard to the number of assimilated spinal segments 
be taken sans parti pris the condition of the skull tells 
the same tale. Fiirbringer states that the junction of the 
skull and vertebral column is at the same place in Sauropsida 
ami Mammalia; hence the five occipital nerves in Reptilian 
embryos are called v, w, x, y, z; and the three in Mammals 
x, y, z, so that the last assimilated nerve is the same—z. 
But in Mammals there appear to be only three assimilated 
somites, in Reptiles four or five. The argument drawn from 
the existence of a pro-atlas is probably of no great weight in 
determining the limits of the skull and vertebral column, for 
in Sphenodon (loc. cit.) that structure is the persisting costal 
process of the last coalescing vertebra, and the same may be 
true in Mammals without there being any but a serial 
homology between these last coalescing vertebra). 

The conclusion which might be drawn from the number of 
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Text-fig. 96. 




Text-figs. 96 and 97.—Rabbit, embryo 13 mm., longitudinal vertical 
sections. Text-fig. 96 is the more external. 
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coalescing spinal segments in Amphibia, Sauropsida, and 
Mammalia—viz. 2 or o, 4 or 5, and o —harmonises with the 
evidence of the cranial muscles, in which there is a closer 
similarity between Mammalia and Amphibia than between 
Mammalia and Sauropsida. 

A Suggested Morphological Classification of the Motor 
Centres of the Mid- and Hind-Brain in Man. 

Gaskell divided the motor centres of the cranial nerves 


Text-fig. 9S. 



into two categories : (1) Somatic, a continuation of the 
anterior column of the spinal cord, innervating somatic 
muscles—Illrd (external ocular muscles), IVtli, Vlth, Tilth 
(part which arises from the Vlth nucleus), Xllth. (2a) 
Non-gangl ionated splanchnic, a continuation of the 
lateral column of the spinal cord, innervating voluntary 
splanchnic muscles—Vth (motor descending root), Yth 
(motor), Vlltli, mh, Xth, Xltli (part which arises from 
lateral horn). (2 r) Ganglion a ted splanchnic, a con¬ 
tinuation of Clarke's column—Illrd (G. ciliare), Tilth (N. 
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intermedius with gang, genic.), IXtli (gang, petros.), Xth, 
Xltli (gang, trnnci vagi), Xllth (gang, hypoglossi). 

This classification of the motor centres, as regards those of 
voluntary muscles, followed v. Wijhe's theory of the mor¬ 
phology of the crania] muscles. It was also adopted by 
Strong and by Herrick. 

According to Streeter the motor nucleus of the Vth nerve 
in man is developed in the lateral plate, and the nucleus 
ambiguiis of the Vlltli, IXth, and Xtli in the basal plate. 

Text-fig. !>!». 



Pig, embryo 15 mm., portion of longitudinal vertical section. 


The issuing fibres of the Vth pass straight outwards like 
those of the dorsal efferent fibres of the IXtli, Xtli, and 
Xltli (medullary) ; whilst those of the VI 1th, IXtli, and 
Xth, arising from the nucleus ambiguns, have a characteristic 
curved path. The motor nucleus of the Vth is a hyper¬ 
trophied representative of the dorsal motor nuclei of the 
IXth, Xth, and Xltli (medullary), or the latter is represented 
in the mesencephalic root of the Vth. 

Kappers showed that the original position of the Vlltli, 
IXth, and Xth motor nuclei is medio-dorsal, and that the 
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ventral position of the nucleus ambignus is only found in 
Mammals, where the importance of the ventral tegmentum 
is increased by the pyramidal tract, whilst a part keeps its 
original position near the mid-dorsal line because not very 
much influenced by the long descending tracts of the frontal 
parts of the brain. 

It would result from a comparison of these researches that 
the ventral position of the Vlltli nucleus, and of the nucleus 
ambignus of the IXtli and Xth, is a secondary one, the curved 
path of their issuing fibres representing a phylogenetic descent 
of the whole or part of their nuclei ; whilst the motor nucleus 
of the Vth has preserved its original position. This position 
is a dorso-median one. The nucleus of the Xlth spinal 
occupies a more or less lateral position in the cervical cord, 
but, as shown by the development of the muscles it inner¬ 
vates, the nerve is a specialised branch of the Xth, the 
nucleus of which has extended backwards into the spinal cord. 

The following classification of the motor nuclei of the 
cranial nerves is a repetition from a neurological point of 
view of the theory which has been advanced above concern¬ 
ing the morphology of the cranial muscles, and consequently 
stands or falls with it. 

Somatic, innervating muscles derived from the myotonies 
of the cerebral and three anterior body segments; Illrd 
(external ocular muscles), IVtli (superior oblique), VIth 
(external rectus), Vth (temporal, masseter, pterygoids, tensor 
tympani, anterior digastric), Vlltli (posterior digastric, stylo¬ 
hyoid, stapedius), IXtli (interarcualis ventralis I s. branchio- 
liyoideus, when present), Xth and Xltli medullary (inter- 
arenalis ventralis III s. interthyroideus, in Ornithodelphia), 
XI th spinal (sterno-mastoid and trapezius), Xlltli (hypo- 
branchial spinal muscles, and ling*ual muscles derived from 
the genio-hyoid). Splanchnic, innervating muscles derived 
directly or indirectly from vhe walls of the cephalic coelon, 
i. e . part of motor nucleus of Vth, which innervates mylohyoid; 
part of motor nucleus of Vlltli, which innervates facial and 
platysma muscles; part of motor nuclei of IXtli, Xth, and 
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Xltli medullary, which innervates tensor and levator palati, 
palato-glossns,sty lophafyugeus, pharyngeal constrictor, laryn¬ 
geal muscles, crieo-thvroid. 

The primary cranial nerves are the lllrd, Yth, Vllth, 
IXth, and Xth ; the Xth innervating in the rabbit two 
myotomes (second and third branchial), the others one each. 
The primary doi'sal position of their motor nuclei (other 
than that of the lllrd), the dorso-lateral emergence of their 
motor with their sensory fibres, and the relationship— 
external—of the issuing nerves to the corresponding 
myotomes, are related phenomena. If Balfour’s theory, that 
the head and trunk became “ differentiated from each 
other at a stage when mixed dorsal and sensory posterior 
roots were the only roots present,” be associated with 
Fiirbringer’s theory that the myotomes primitively lay 
exclusively lateral to the notochord, it would follow that in 
the body region anterior nerve roots were secondarily 
developed in correlation with the upgrowth of the myotomes 
to the mid-dorsal line, and the posterior roots became exclu¬ 
sively, or almost exclusively, sensory. In the head, where 
this upgrowth does not take place, or to a very limited 
extent, a more primitive condition persists both in the 
position of the motor nuclei and the emergence of their 
efferent fibres. 

A further, probable, distinction between the somatic muscles 
of the body and those of the head is that ganglionated muscle- 
sensory nerve-fibres pass to the former but not to the latter. 1 

The position of the nucleus of the 1 1 Ird nerve and the path 
of its nerve-fibres may be associated with the loss of cutaneous 
sensory fibres. Evidence of such loss and of a primitive dorso¬ 
lateral emergence of its nerve-fibres is found in the observa¬ 
tion of Xeuineyer that in the twenty-nine and forty-three hours 
old chick “derXerfvom dorsalen Tlieile des Xtittelhirns, also 
in der Gegend der Gauglionleiste semen Ursprung nelime, 
sicli also sekundar mit seinem definitiven Abgaugsort 
vereinige.” 

1 I hope to give the evidence for this in a future paper. 
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The Anlagen of the superior oblique and external rectus 
are developed from forward extensions of the upper ends of 
the mandibular and hyoid myotoines, and the TYth and Yltli 
nerves may be regarded as, phylogenetically, late formations. 

There do not appear to be any investigations on the 
existence of cell-groups in the Yth motor nucleus, which 
might correspond to the somatic and splanchnic muscles 
innervated. The nucleus contains a centre for the anterior 
digastric, but it is not known whether this migrates, during 
development, from the facial nucleus, or whether it is locally 
developed. The fibres of the Yth mesencephalic root join the 
motor root (Cajal), but it does not appear certain what 
structures it innervates. 

The motor nucleus of the YJIth nerv’e consists, according 
to van Gehuchten and Marinesco, of four cell groups, three 
ventral and one dorsal : of these, the internal ventral is the 
centre for the stapedius, the middle for the auricular muscles, 
the external for the inferior facial muscles, and the dorsal 
nucleus for the superior facial muscles (frontalis, corrngator 
supercilii, and orbicularis palpebrarum). According to this 
account there is no special cell-group for the posterior 
digastric and stylohyoid, which seems unlikely. More 
recently, Ivosaka has stated that the dorsal cell group in the 
fowl is the motor nucleus for the digastricus. The subject 
evidently needs further investigation. 

The glosso-pharyngeal nucleus, according to v. Gehuchten, 
consists of a ventral cell-group only ; according to Streeter 
it has a dorsal nucleus as well as a nucleus ambiguns. In 
the monkey (Beevor and Horsley) it innervates the styio- 
pluiryngeus and (?) the middle constrictor of the pharynx. 
It is not known whether there is a separate cell-gToup for the 
branchio-hyoid in animals, e. g. pig, dog, where this muscle 
exists. 

The Xtli and XIth medullary are primitively, in the rabbit, 
the nerves of the second and third branchial segments. The 
Xth efferent fibres arise from dorsal and ventral motor nuclei, 
those of the Xltli medullary from a dorsal nucleus only (v. 
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Gehnchten). As all the fibres of the Xltli medullary join 
the Xth, and all the fibres of the XIth spinal pass to the 
trapezius and sterno-niastoid, 1 it is a little questionable whether 
the old distinction of the two parts of the accessorius is worth 
preserving. The term Xltli or accessorius might well be 
limited to what is now known as the Xltli spinal. In a 
Mammal like the rabbit, where the whole of the second and 
third branchial myotonies (other than their dorsal ends 
which take part in forming the trapezius and sterno- 
mastoid) disappear during development, the Xth and Xltli 
medullary motor centres contain none of the original somatic 
efferent fibres or cell-groups, and their new centres are those 
innervating muscles derived from cells proliferated from the 
wall of the cephalic coelom. They also contain motor centres 
for certain visceral muscles which are developed in the body 
region. 

The Xth and Xltli medullary centres overlap antero- 
posteriorly the hypoglossal nucleus, probably owing to then- 
backward extension into the first three segments of the 
spinal cord. 

The XIth spinal is, as emphasised by Fiirbringer, a true 
cerebral and not a spinal nerve. It innervates a special 
group of muscles which, in the rabbit, are derived from the 
upper ends of the three branchial myotonies. Its nucleus 
of origin is, from a phylogenetic point of view, a backward 
extension into the spinal cord of the (dorsal) nucleus of the 
Xltli medullary, but it is not known what happens in 
embryonic development. 

The hypoglossal nucleus is the motor centre of the hypo- 
branchial spinal muscles, of the rectus system, developed 
from the first three body myotonies. Cell-groups corresponding* 
to the upper, atrophying portions of these myotonies have 
been lost. It is not known whether the subdivision of the 
nucleus into the parts with large and with moderate-sized 
cells corresponds with individual muscles or muscle-groups. 
The hinder part of the hypobranchial spinal muscles has a 
1 In dog (loc. eit.) and man (Streeter). 
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secondary innervation from cervical segments—firsts second, 
and third in man, first and second in the dog—but it is 
not known whether this is due to backward migration or to 
local development of motor neuroblasts. 


Ox the Size of the Medullated Nerve-Fibres Passing to 
Cranial Muscles. 

G-nskell stated that in the dog large fibres, 14*4 to 18 ju in 
diameter, were present in the Illrd (external ocular muscles), 
IVth, YIth, Tilth (destination not traced), and Xllth. 
The corresponding muscles were considered to be somatic. 
Nerve-fibres not exceeding 10*8 p in diameter were found iu 
Tilth (facial muscles), pharyngeal nerves, and recurrent 
laryngeal ; and the corresponding muscles were considered 
to be splanchnic. Apparently lie did not take the size of the 
nerve-fibres as the sole criterion of the somatic or splanchnic 
nature of a muscle, for the sterno-mastoid and trapezius 
were considered to be splanchnic, though the nerve (spinal 
XTth), showed the larger size of nerve-fibres. A further 
analysis (loc. cit.) of the size of nerve-fibres passing to cranial 
muscles in the dog shows that : (1) In any individual nerve, 
fibres are found of all sizes up to the largest present; (2) the 
nerve-fibres taper very slightly as they pass from the central 
nervous system to the muscles; (3) if comparison be made 
between the maximum size of the nerve-fibres and the 
morphological nature of the muscles to which they pass, the 
following results appear: (a) Nerve-fibres of the greatest 

size (17*0 ft in diameter, 1 in some dogs only 10 p), are found 
in the nerves of the external ocular muscles, temporal, 
pterygoids, tensor tvmpani, digastric (both from Yth and 
Tilth), stylo-hyoid, branchio-hyoid, trapezius, sterno- 
mastoid, genio-hyoid, sterno-hyoid, sterno-thyroid, thyro¬ 
hyoid, and omohyoid—all of which, according to the theory 

1 This is also the maximum size of the nerve-fibres iu the anterior 
roots of the non-limb portions of the spinal cord. In the limb areas it 
is slightly greater. 
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advanced above, are somatic in origin, (b) Xerve-fibres of a 
less maximum diameter (12'S /<, in some dogs only 11'2 /*), 
are found in the nerves of the mylohyoid, facial and platysma 
muscles, palatal, pharyngeal, and laryngeal muscles and crico¬ 
thyroid — all of which, according to the theory advanced 
above, are splanchnic in origin ; and also in the nerves of 
the lingual muscles, which are developed from the genio¬ 
hyoid—a somatic muscle. 

Herrick stated that the nerve-fibres of the branchial 
muscles of Menidia were characterised by their large size, 
and supposed—on the theory that these muscles were of 
splanchnic origin — that they had acquired this somatic 
feature. On the theory advanced above, however, the bran¬ 
chial muscles are somatic in origin. 

The small size of the nerve-fibres of the lingual muscles is 
curious, but the muscles, though somatic in origin, have 
intimate relations to a splanchnic epithelium. This sugges¬ 
tion is supported by the measurements of the nerve-fibres 
passing to the genio-hyoid and lingual muscles of Lacerta 
viridis and Testndo mauritania; in the former animal 
the maximum diameters found are 11 *6 and 9'b /1 respectively, 
whereas in the latter animal both maxima are the same, viz. 
7*5 /<. 

I have, in conclusion, to express many thanks to Prof. 
Salensky for embryos of Acipenser; to Prof. Bashford Dean 
for embryos and for the loan of sections of Ceratodns; to Prof. 
Graham Kerr for specimens of Pol y p t e r u s s e n e gains; and 
to Prof. Fawcett for the loan of sections of the pig; also to 
the last-named for much kindness shown to me during many 
years in his laboratory. 
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EXPLANATION OF REFERENCE LETTERS ON THE 
TEXT-FIGURES. 

«bd. An. Abducens Anlage. An. of sup. obi. Anlage of obliqnus 
superior, ahd. hyoid. M. abdoniino-hyoideus. odd. maud. M. adductor 
mandibuhe. add. mand. ext. M. adductor mandibuhe externus. add. 
maud. int. M. adductor mandibuhe internus. ant. diy. M. digastricus 
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anterior, arcualis dors. M. arcnalis dorsalis, aur. temp, n, Auriculo¬ 
temporal nerve, hr. add. M. adductor arcus branchialis. hr. nor. ar. 
Branchial aortic arcli. hr. bar. Branchial bar. br. my. Branchial myo¬ 
tome. branch, hyoid. M. brancliio-hyoideus. bucc. car. Buccal cavity. 
ceph. ccel. Cephalic coelom, cer. br. Cerato-branchial cartilage, cer. hy. 
any. M. cerato-liyoideus angularis. cer.hyal.c. Cerato-hyal cartilage. 
Jirst cerv. n. First cervical nerve, ccel. Coelom, cons, colli. M. constrictor 
colli, cons, operc. M. constrictor opercnli. cor. branch. M. coraco- 
branchialis. cor. hyoid. M. coraco-hyoideus. cor. maud, M. coraco-man- 
dibularis. c. 2 vd. Dorso-ventral muscular sheet in hyoid segment, dil. lary. 
M. dilatator laryngis. dilat. operc. M. dilator operculi. dor.aor. Dorsal 
aorta, dorso-lary. M. dorso-laryngeus. epibr. Epibranchial cartilage, ext. 
and. meat. External auditory meatus, extra-temp. M. extra-temporalis. 
Gass. y. Gasserian ganglion, gen. glossus. M. genio-glossus. gen. glossiis 
and lingualis an. Anlage of M. genio-glossus and lingualis. gen. hyoid. 
Genio-hyoid. gill. m. An. Anlage of muscles of external gill. g.-c. Gill- 
cleft. hy. ceph. cad. Hyoid section of cephalic coelom, hyogloss. M. hyo- 
glossus. hyogloss. and stylogloss. An. Anlage of M. liyoglossus and M. 
styloglossus. Ingoing, inf. M. hyo-hyoideus inferior. Hyohy. sup. M. hyo- 
hyoidens superior, hyoid bar. Hyoid bar. hyoid my. Myotome of hyoid 
segment, hyoid aor. ar. Hyoid aortic arch, hyomax. M. liyomaxillaris. 
hyomax. tig. Hyomaxillaris ligament, hyomand. c. Hyomandibular carti¬ 
lage. hypobr. c. Hypobrancliial cartilage, hypohyal. Hypohyal cartilage. 
hypobr. sp. m. An. Anlage of hypobrancliial spinal muscles, inf. lab. 
cart. Inferior labial cartilage, interarc. vent. M. interarcualis ventralis. 
interbas. M. interbasalis. interhyal. Interhyal cartilage, interhyoid. 
M. interhyoideus. intcrmand. M. intermandibularis. lary. Larynx. 
lev. br. M. levator arcus branchialis. lev. hyoid. M. levator liyoidei. 
lev. lab. suj). An. Anlage of M. levator labii superioris. lev. max. suj). 
M. levator maxilhe superioris. lev. pal. and tens. pal. An. Anlage of 
levator and tensor palatini. lingualis. M. lingualis. 21. marg. M. 
marginalis. maud. aor. ar. Mandibular aortic arch. mand. ceph. ccel. 
Mandibular section of cephalic coelom, maud. lab. M. mandibulo-labialis. 
mand. my. Myotome of mandibular segment, mand. seg. Mandibular 
segment, mass. M. massetericus. mylohyoid n. Mylohyoid nerve. 2Le. 
Meckel’s cartilage, mental n. Mental nerve. A 7 . Olfactory epithelium. 
nictat. m. An. Anlage of nictating muscles, obliq. dors. M. obliquus 
dorsalis, obliq. inf. M. obliquus inferior. obliq. suj). M. obliquus 
superior, obliq. vent. M. obliquus ventralis. asoplt. const. Constrictor 
of oesophagus, oper. fid. Opercular fold. orb. hyoid. M. orbito hyoideus. 
pal. pr. of quad. Palatine process of quadrate, pal. quad. Palato- 
quadrate. pal. quad. Me. palato-quadrato-mandibular arch. phar. 
Pharynx, phar. br. Pliaryngo-branchial cartilage, phar. clav. ext. M. 
pharyngo-clavicularis externus. phar. clav. int, M. pliaryngo-clavicularis 
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interims, phar. m. Pharyngeal mnseles. pAutys. eolU. Platysma colli. 
platysma fac. Platysma faciei, platys. occip. Platysma occipitalis. 
prcmand. An . Anlage of preinandibular muscles, post. dig., stylohy. mid 
stiqi. An. Anlage of posterior digastric stylohyoid and stapedius muscles. 
proc. use. Processus ascendens of q uidrate. proe. has. Processus basalis 
of quadrate, protr. byoni. M. protractor liyomandibnlaris. pterg. M. 
pterygoideus. quad. Quadrate, quad. ang. M. quadrato-angularis. roe. 
lary. n. Recurrent laryngeal nerve, rect. ext. M. rectus externus. red. 
inf. M. rectus inferior, red. int. M. rectus interior, reet. sup). M. rectus 
superior, retr. arc. hr. M. retractor arenum branchialinin. retr. bulbi. 
V retractor bitlbi. retr. hyom. M. retractor hyomandibularis. retr. 
hyorn. et operc. M. retractor liyomandibnlaris et opercnlaris. scap. 
Scapula, sh. girdle. Shoulder girdle, sj)l. meso. Splanchnic mesoderm. 
st.must. M. sterno-mastoideus. sterno-hyoid. JVI. sterno-liyoidens. stylo- 
gloss. M. styloglossus, stylophary. M. stylopharyngeus. submax. M. sub- 
maxillaris. submax. g. submaxillary gland, sulmeut. M. snbmentalis. 
suborb. c. Snborbital cartilage, subtemp. M. snbtemporalis. snsp. ang. 
M. snspensorio-angularis. temp. M. temporalis, temp, and mass. An. 
Anlage of M. temporalis external pterygoid masseter. tensor tymp. M. 
tensor tympani. traeh. Trachea, trap. M. trapezius, tr. my. Trunk 
myotome, trans. vent. M. transversus ventralis. vent. aor. Ventral 
aorta. Homan numerals. Cranial nerves. 


